Product and Methods for Diagnosis and Therapy for 
Cardiac and Skeletal Muscle Disorders 

Cross-Reference to Related Applications 
This application Claims the benefit of priority under 35 U.S.C. § 1 19(e) from U.S. 
Provisional Application No. 60/456,642, filed March 18, 2003, entitled "Product and 
Methods for Diagnosis and Therapy for Cardiac and Skeletal Muscle Disorders". The entire 
disclosure of U.S. Provisional Application No. 60/456,642 is incorporated herein by 
reference. 

Field of the Invention 
This invention generally relates to products and methods to promote myoblast 
activation and cardiac and skeletal muscle growth or regeneration based on the identification 
of cellular processes affected by prelamin A processing. 

Background of the Invention 
Mutations in the human lamin A/C gene cause dilated cardiomyopathy (DCM) 
(Brodsky etal., (2000) Circulation 101:473-6; Fatkinetal., (1999) N Engl J Med 341:1715- 
24; Taylor et al., (2003) Journal of the American College of Cardiology, 41:771-780), 
Emery-Dreifuss muscular dystrophy (Bonne et al., (1 999) Nature Genet. 21:285-288), limb- 
girdle muscular dystrophy (Muchir et al., (2000) Hum Mol Genet 9:1453-9), partial 
lipodystrophy (Shackleton et al., (2000) Nat Genet 24: 1 53-6), axonal neuropathy (De Sandre- 
Giovannoli et al., (2002) Am J Hum Genet 70:726-36) and mandibuloacral dysplasia (Novelli 
et al., (2002) Am J Hum Genet 71:426-31). Along with lamin B, lamins A and C are the 
major constituents of the nuclear lamina, a meshwork of protein filaments that underlies the 
nucleoplasm^ face of the inner nuclear membrane. The nuclear lamina provides structural 
support for the nucleus (Newport et al., ( 1 990) J Cell Biol 1 1 1 :2247-59; Spann et al., ( 1 997) 
J Cell Biol 136:1201-12), and plays a role in the regulation of gene transcription through 
direct and indirect interactions with transcription factors (Ozaki et al., (1994) Oncogene 
9:2649-53; Markiewicz et al., (2002) Mol Biol Cell 13:4401-13; Spann et al., (2002) J Cell 
Biol 156:603-8), and by organizing intranuclear RNA splicing factor compartments 



(Kumaran et al., (2002) J Cell Biol 159:783-93). Lamins bind directly to DNA, and are 
involved in chromatin organization via direct interactions with histones and other chromatin 
binding proteins (Gotzmann & Foisner ( 1 999) Crit Rev Eukaryot Gene Expr 9 :25 7-65). Site- 
specific phosphorylation of lamin A results in the reversible disassembly of the lamina 
during mitosis (Haas & Jost (1993) Eur J Cell Biol 62:237-47), and lamin A is a target of 
endoproteolytic cleavage during apoptosis (Slee et al., (2001) J Biol Chem 276:7320-6). 

Lamins A and C are differentially transcribed from the lamin A/C gene. Lamin A is 
expressed as a pre-protein (Gerace et al., (1984) J Cell Sci Suppl 1:137-60) that undergoes 
a sequential series of post-translational modifications (Sinensky et al., (1994) J Cell Sci 
107:61-7) shared by the S. cerevisiae a-type mating pheromone (Marcus et al., (1990) 
Biochem Biophys Res Commun 172: 1 3 1 0-6), culminating in the endoproteolytic removal of 
the modified 1 5 amino acid residue C-terminal peptide. While proper processing of the 
prelamin A tail has been shown to affect the rate of mature lamin A incorporation into the 
nuclear lamina (Lutz et al. 5 (1992) Proc Natl Acad Sci USA 89:3000-4; Izumi eta L, (2000) 
Mol Biol Cell 1 1 :4323-37) 5 the physiological function of prelamin A processing has not been 
determined. 

Lamins A and C are expressed in nearly all cell types concomitant with differentiation 
(Rober et al., (1989) Development 105:365-78). The reason why mutations in the lamin A/C 
gene result in tissue-specific abnormalities and the molecular mechanisms by which lamin 
A/C mutations exert their effects on these tissues has yet to be elucidated. 

The initial cloning of lamin A/C indicated that the protein was processed. In the early 
1990's, investigators began elucidating the processing pathway of prelamin A, and the 
localization and characteristics of enzymes involved in its processing (Lutz et al., (1992), 
supra; Daltonetal., Cancer Res, 55:3295-3304(1995); Sinensky etal, J Cell Sci 107:2215- 
2218 (1994)). These researchers also investigated the biological function of the "pre" 
sequence by preventing its cleavage from the prelamin A protein, and inhibiting its 
processing in mononucleate cell lines. These studies demonstrated that the presence of the 
"pre" sequence prevented incorporation into the lamina, and also showed that mature lamin 
A lacking the pre-sequence could substitute for the native prelamin A without any biological 



consequences. In one of these studies, the authors comment that "nucleoplasm^ localization 
of prelamin A or the peptide released during processing may have some regulatory 
significance 55 (Lutz et al. 5 (1992), supra). 

Investigators have reported the construction of a lamin A/C knock-out mouse that has 
cardiac and skeletal muscle phenotypes similar to those seen in patients with DCM and 
EDMD (Sullivan etal., (1999) JCellBiol 147:913-20). Over the last two years, investigators 
have generated mice which lack the mouse homologues of the enzymes in the yeast Mat A 
processing pathways (Pendas et al., Nat Genet 31 :94-99 (2002); Bergo et al., (2002) Proc 
Natl AcadSci USA99: 1 3049-54). These animals appear to be phenocopies of the lamin A/C 
knock-out mice. These investigators have demonstrated that prelamin A is not properly 
processed in these animals. 

Consequently, the published literature demonstrates that lamin A expression, and 
proper prelamin A processing are essential for normal post-natal cardiac and skeletal muscle 
biology in mice. The published data also shows that prelamin A must be processed to mature 
lamin A prior to incorporation into the nuclear lamina. However, there is no published data 
identifying the cellular function of prelamin A processing, or the mechanism by which 
mutations in the lamin A/C gene, or the deletion of the lamin A/C gene and enzymes that 
process prelamin A, lead to cardiac and skeletal muscle abnormalities. Such information 
would be invaluable for in the understanding of cardiac and skeletal muscle disease processes 
affected by lamin A/C disease mutations, as well as the ability to design therapies to prevent 
these and other cardiac and skeletal muscle diseases. 

Summary of the Invention 
One embodiment of the present invention relates to an isolated prelamin A pre 
peptide selected from: (a) a peptide consisting essentially of SEQ IDNO:2; (b) a biologically 
active fragment of SEQ ID NO:2; (c) a peptide consisting essentially of an amino acid 
sequence that is at least about 70% identical to SEQ ID NO:2, wherein the peptide has the 
biological activity of SEQ ID NO:2; and (d) a peptide consisting essentially of an amino acid 
sequence that differs from SEQ ID NO:2 by at least one substitution, deletion or insertion 



of an amino acid residue at a position of SEQ ID NO:2 selected from the group consisting 
of : 1 , 2, 5 , 6, 9, 1 0, 1 1 , 1 2, 1 3 and 1 4, wherein the peptide has the biological activity of SEQ 
ID NO:2. In one aspect, the peptide consists essentially of an amino acid sequence that is 
at least about 80% identical to SEQ ID NO:2, or in another aspect, is at least about 90% 
identical to SEQ ID NO:2. In one aspect, the peptide consists essentially of an amino acid 
sequence that differs from SEQ ID NO:2 by at least one substitution, deletion or insertion 
of an amino acid residue at a position of SEQ ID NO:2 selected from: 1, 2, 5, 6, 9, 10, 1 1 and 
1 2. In another aspect, the peptide consists essentially of an amino acid sequence that differs 
from SEQ ID NO:2 by at least one substitution, deletion or insertion of an amino acid residue 
at a position of SEQ ID NO:2 selected from: 1, 2, 5, 6, 9, 10 and 11. In one aspect, the 
peptide consists essentially of SEQ ID NO:2. In another aspect, the peptide comprises a 
modification selected from the group consisting of farnesylation, carboxymethylation, 
geranyl-geranylation, and complexing with a lipid carrier. 

Another embodiment of the present invention relates to a therapeutic composition 
comprising any of the above-described peptides and a pharmaceutically acceptable carrier. 

Yet another embodiment of the present invention relates to an isolated nucleic acid 
sequence encoding any of the above-described peptides. In one aspect, the nucleic acid 
sequence is SEQ ID NO: 1 . 

Another embodiment of the present invention relates to a recombinant nucleic acid 
molecule comprising any of the above-described nucleic acid sequences operatively linked 
to a recombinant vector. In one aspect, the nucleic acid sequence is operatively linked to a 
promoter selected from: a cardiac-specific promoter, a muscle-specific promoter, and a 
prelamin A promoter. In a preferred aspect, the nucleic acid sequence is operatively linked 
to a myosin heavy chain promoter. In one aspect, the recombinant vector is a viral vector. 

Yet another embodiment of the present invention relates to a recombinant nucleic 
acid molecule comprising a nucleic acid sequence operatively linked to a recombinant 
expression vector for gene delivery, the nucleic acid sequence being selected from: (a) a 
nucleic acid sequence encoding SEQ ID NO:4; (b) a nucleic acid sequence encoding a 
biologically active fragment of SEQ ID NO:4; and (c) a nucleic acid sequence encoding an 



amino acid sequence that is at least about 70% identical to SEQ ID NO:4, wherein the amino 
acid sequence has prelamin A or lamin A biological activity. 

Another embodiment of the present invention relates to a therapeutic protein 
comprising a protein selected from: (a) a protein comprising an amino acid sequence 
represented by SEQ ID NO:4; (b) a protein comprising biologically active fragment of SEQ 
ID NO:4; and (c) a protein comprising an amino acid sequence that is at least about 70% 
identical to SEQ ID NO:4, wherein the protein has prelamin A or lamin A biological activity. 
In this embodiment, the protein is chemically or recombinantly attached to a therapeutic 
agent that increases the half-life of the protein in cardiac or skeletal muscle tissue. 

Yet another embodiment of the present invention relates to a carrier for therapeutic 
agents for the treatment of cardiac or skeletal muscle disorders. The carrier consists 
essentially of an isolated fragment of SEQ ID NO:4 with inter-nuclear transport domain 
biological activity, or a biologically active homologue thereof. 

Another embodiment of the present invention relates to a therapeutic composition for 
promoting myoblast activation and growth or regeneration of cardiac or skeletal muscle. The 
composition comprises an isolated peptide consisting essentially an isolated fragment of SEQ 
ID NO:4 with inter-nuclear transport domain biological activity or a biologically active 
homologue thereof, operatively linked to a therapeutic agent for promoting myoblast 
activation and growth or regeneration of cardiac or skeletal muscle. 

Yet another embodiment of the present invention relates to a recombinant nucleic 
acid molecule comprising: (a) a nucleic acid sequence encoding an isolated fragment of SEQ 
ID NO:4 with inter- nuclear transport domain biological activity or a biologically active 
homologue thereof, operatively linked to (b) a nucleic acid sequence encoding a protein for 
the promotion of myoblast activation and growth or regeneration of cardiac or skeletal 
muscle. 

Another embodiment of the present invention relates to a method to promote 
myoblast activation and regeneration of damaged, degenerated or atrophied cardiac and 
skeletal myocytes. The method includes the step of administering to a patient that has 
damaged, degenerated or atrophied cardiac or skeletal myocytes an agent selected from: (a) 



any of the above-described peptides; (b) any of the above-described compositions; (c) any 
of the above-described recombinant nucleic acid molecules; and (d) any of the above- 
described therapeutic proteins. 

Yet another embodiment of the present invention relates to a method to stimulate 
cardiac or skeletal muscle growth in a mammal. The method includes the step of 
administering to a mammal an agent selected from: (a) any of the above-described peptides; 
(b) any of the above-described compositions; (c) any of the above-described recombinant 
nucleic acid molecules; and (d) any of the above-described therapeutic proteins. 

Another embodiment of the present invention relates to a method to treat cardiac and 
skeletal muscle disorders. The method includes the step of administering to a patient that 
has a cardiac or skeletal muscle disorder, an agent selected from: (a) any of the above- 
described peptides; (b) any of the above-described compositions; (c) any of the above- 
described recombinant nucleic acid molecules; and (d) any of the above-described 
therapeutic proteins. Cardiac and skeletal muscle disorders to treat using the method of the 
present invention include, but are not limited to, dilated cardiomyopathy, Emery-Dreifuss 
muscular dystrophy, limb-girdle muscular dystrophy, partial lipodystrophy, axonal 
neuropathy, and mandibuloacral dysplasia. 

Yet another embodiment of the present invention relates to a method to identify 
compounds that regulate myoblast activation and differentiation. The method includes the 
steps of: (a) contacting a cell that expresses a prelamin A protein or a prelamin A pre peptide 
with a test compound under conditions suitable for modulation of the activity of the prelamin 
A protein or prelamin A pre peptide by the test compound; and (b) detecting modulation of 
the activity of the prelamin A protein or prelamin A pre peptide by the test compound. The 
step of detecting can include, but is not limited to, detecting whether the test protein regulates 
prelamin A pre peptide transport in a cell; detecting whether the test protein regulates the 
processing of prelamin A in a cell; detecting whether the test protein regulates myoblast 
differentiation; detecting binding between the prelamin A protein or prelamin A pre peptide 
and the test compound (e.g., by a yeast two hybrid assay). In one aspect, the test compound 
is a protein encoded by a gene that is a candidate for regulation of prelamin A processing or 



prelamin A pre peptide transport in the cell. For example, the gene can be a human 
homologue of a gene in the yeast a-type mating pheromone signaling pathway, or the gene 
can be a gene encoding a candidate receptor for the prelamin A pre peptide. In another 
aspect, the test compound is a pharmaceutical compound. In one aspect, the cell expressing 
the prelamin A protein or prelamin A pre peptide is a differentiating cardiac myocyte or a 
differentiating skeletal myocyte. In another aspect, the cell expressing the prelamin A 
protein or prelamin A pre peptide has been transfected with a nucleic acid molecule encoding 
the prelamin A protein or prelamin A pre peptide. In yet another aspect, the prelamin A is 
processing deficient. In yet another aspect, the cell is a prelamin A processing deficient cell. 

Yet another embodiment of the present invention relates to a method to identify 
compounds that regulate myoblast activation and differentiation. The method includes the 
steps of: (a) contacting a prelamin A protein or a prelamin A pre peptide with a test 
compound under conditions suitable for binding of the prelamin A protein or prelamin A pre 
peptide by the test compound; and (b) detecting binding of the prelamin A protein or 
prelamin A pre peptide by the test compound. Binding can be detected by any suitable 
technique including, but not limited to, a yeast two hybrid assay or immunoprecipitation 
assay. 

Another embodiment of the present invention relates to a method to identify 
compounds that regulate myoblast activation and differentiation in a cell. The method 
includes the steps of: (a) contacting an isolated prelamin A processing-deficient cell with a 
test compound for regulation of myoblast activation and differentiation; and (b) detecting 
whether the test compound regulates an activity in the cell selected from the group consisting 
of: prelamin A processing, prelamin A pre peptide transport, and myoblast activation or 
differentiation, as compared to in the absence of the test compound. In one aspect, the 
isolated prelamin A processing-deficient cell is selected from: a cell transfected with a 
nucleic acid sequence encoding a processing deficient prelamin A protein and a prelamin A 
processing deficient cell that has been isolated from a patient. In one aspect, the cell is 
transfected with a nucleic acid sequence encoding a prelamin A protein. In another aspect, 
the cell is transfected with a nucleic acid sequence encoding a processing-deficient prelamin 



A protein. In another aspect, the processing-deficient prelamin A is a naturally occurring 
processing-deficient prelamin A protein. In yet another aspect, the processing-deficient 
prelamin A is a synthetically created processing-deficient prelamin A protein. In another 
aspect, the cell endogenously expresses a processing-deficient prelamin A protein. In one 
aspect, the cell is selected from a cardiac myocyte and a skeletal myocyte. In another aspect, 
the cell is a prelamin A processing deficient cell that has been isolated from a patient, 
wherein the cell expresses a prelamin A protein comprising a mutation (with respect to SEQ 
ID NO:4) selected from: Arg60Gly, Leu85Arg, Glu203Gly, Arg89Leu, Asnl9Lys, and 
Arg377His. 

In this embodiment of the invention, the step of detecting can include, but is not 
limited to, detecting whether the test compound increases prelamin A processing in the cell 
as compared to in the absence of the compound; detecting whether the test compound 
increases prelamin A pre peptide transport in the cell as compared to in the absence of the 
compound; detecting whether the test compound increases myoblast activation or 
differentiation in the cell as compared to in the absence of the compound; or detecting an 
increase in myoblast activation and differentiation in the absence of correcting the prelamin 
A processing deficiency. 

In one aspect of this embodiment of the invention, the test compound is a homologue 
of prelamin A pre peptide with putative prelamin A pre peptide biological activity. In 
another aspect, the test compound is a pharmaceutical compound with putative prelamin A 
pre peptide biological activity. In another aspect, the test compound is a homologue of 
prelamin A with putative prelamin A biological activity. In another aspect, the test 
compound is a candidate protein for a prelamin A processing enzyme, or a gene encoding the 
candidate protein. In yet another aspect, the test compound is a candidate protein for a 
downstream prelamin A pre peptide signal transduction protein, or a gene encoding the 
candidate protein. In another aspect, the test compound is a putative pharmaceutical 
compound for use in the treatment of cardiac and skeletal muscle disorders, wherein an 
increase in the processing of prelamin A in the cell or an increase in myoblast activation and 
differentiation in the presence of the compound as compared to in the absence of the 
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compound indicates that the compound is a therapeutic compound for use in the treatment 
of cardiac and skeletal muscle disorders. 

Yet another embodiment of the present invention relates to a method to identify 
human genes that regulate myoblast activation and differentiation. The method includes the 
steps of: (a) contacting a probe with a source of human DNA from heart or skeletal muscle 
tissue under moderate stringency conditions, wherein the probe is a nucleic acid sequence 
from a gene in the yeast a-type mating pheromone signal transduction pathway; (b) 
identifying genes in the source of human DNA that hybridize to the probe; and (c) detecting 
whether genes that hybridize to the probe encode a protein that corrects a prelamin A 
processing deficiency or that increases myoblast activation and differentiation. In one aspect, 
the gene in the yeast a-type mating pheromone signal transduction pathway is a gene that is 
associated with a biological function selected from: transcriptional activation of pheromone 
responsive genes, post-transcriptional blockade of the cell cycle, and cell fusion pathway 
activation. 

Another embodiment of the present invention relates to a method to identify an 
inhibitor of prelamin A farnesylation. The method includes the steps of: (a) contacting an 
isolated cell that expresses prelamin A with a putative regulator of prelamin A farnesylation; 
and (b) detecting whether farnesylation of prelamin A is inhibited by the putative regulator. 
In one aspect, cell is selected from the group consisting of a differentiating cardiac myocyte 
and a differentiating skeletal myocyte, and in another aspect, the cell has been transfected 
with a nucleic acid molecule encoding prelamin A. The step of detecting can include, but 
is not limited to, detecting whether prelamin A farnesylation is reduced as compared to in 
the absence of the putative inhibitor compound. In one aspect, the method further comprises 
a step (c) of detecting whether inhibitors of prelamin A farnesylation detected in step (b) 
regulate prelamin A processing in the cell, wherein detection of reduced prelamin A 
processing in the presence of the regulator indicates that the regulator may be useful for 
treatment of muscle cell cancers. In another aspect, the method further includes step (c) of 
detecting whether inhibitors of prelamin A farnesylation detected in step (b) cause myoblast 
dissociation or myoblast cell death, wherein detection of increased myoblast dissociation or 



myoblast cell death in the presence of the regulator indicates that the regulator may be useful 
for treatment of muscle cell cancers. 

Yet another embodiment of the present invention relates to a method to treat a muscle 
cell cancer, comprising administering to a patient with a muscle cell cancer or metastatic 
cancer thereof a compound that inhibits prelamin A processing and myoblast differentiation 
and is toxic to myocytes. The muscle cell cancer can include, but is not limited to, 
myosarcoma, myeloma, myoma, rhabdomyosarcoma, and malignant uterine fibroids. In one 
aspect, the compound inhibits farnesylation of prelamin A. In another aspect, the compound 
is a statin that is toxic to myocytes. The compound can be identified by the methods 
described above. 

Another embodiment of the invention relates to a processing deficient prelamin A 
peptide. The processing deficient prelamin A peptide consists essentially of an amino acid 
sequence that differs from SEQ ID NO:4 by at least one substitution, deletion or insertion 
that results in a decrease in a prelamin A or prelamin A pre peptide biological activity 
selected from: (a) prelamin A processing to release a prelamin A pre peptide consisting of 
SEQ ID NO:2 or a biologically active homologue thereof; (b) prelamin A pre peptide signal 
transduction; (c) synchronization of intercellular signaling with changes in lamin A 
localization and nuclear lamina morphology that occur early in myoblast differentiation; (d) 
synchronization of transcriptional regulation of muscle-specific genes or cell cycle arrest that 
occurs concomitant with myoblast differentiation; (e) formation of normal nuclear lamina 
structure; and/or (f) induction of myoblast activation and differentiation. In one aspect, the 
processing deficient prelamin A peptide consists essentially of an amino acid sequence that 
differs from SEQ ID NO:4 by a substitution of an amino acid residue in SEQ ID NO:4 
selected from: Arg60, Leu85, Glu203, Arg89, Asnl95, Arg377, Tyr646, G649, N650, P653, 
R654, P658, Q659, N660, Cys661, S662, 1663 and M664. In another aspect, the substitution 
is selected from: Arg60Gly, Leu85Arg, Glu203Gly, Arg89Leu, Asnl9Lys, and Arg377His. 

Another embodiment of the invention relates to an isolated cell transfected with a 
processing deficient prelamin A peptide as described above. 
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Brief Description of the Figures of the Invention 
Fig. 1 is a digitized image of an analysis of prelamin A GFP-fusion protein 
expression and processing. 

Fig. 2 is an alignment of the amino acid sequence of the pre peptide portion of 
5 prelamin A from 5 different animal species. 

Detailed Description of the Invention 
The present invention relates to the discovery by the present inventor of the 
mechanisms by which a class of genetic mutations results in heart disease and muscular 

10 dystrophies. The present invention also relates to the identification of therapeutic agents 

useful for treating such diseases, as well as for generally promoting myoblast activation and 
the growth or regeneration of cardiac and skeletal muscle. Such agents will also be useful, 
for example, in cases where heart and skeletal muscle have been damaged by non-disease 
pathways and aging. The present invention also relates to use of mutant protein and cell lines 

is for the further identification of the genes and proteins that are relevant for proper heart and 

skeletal muscle function, as well as cancer development. The present invention also relates 
to the use of various genes, proteins, and cell lines described herein to identify additional 
gene and protein targets for the treatment of heart and skeletal muscle diseases. 

More specifically, the present inventor has discovered that various mutations in the 

20 lamin A/C gene that are associated with certain cardiac and skeletal muscle disorders affect 

prelamin A processing, sub-cellular prelamin A/lamin A localization, and nuclear lamina 
formation in the cell types affected by these diseases. The inventor has shown that 
expression of prelamin A proteins containing such mutations results in aberrant cardiac and 
skeletal myocyte differentiation, morphology and organization, reflecting what is seen in 

25 patients with these diseases. This is believed to be the first demonstration of any biologically 

significant effect of any lamin A/C disease mutations. 

The inventor's discovery demonstrates that improper prelamin A processing results 
in severely aberrant cardiac and skeletal myocyte differentiation. This is believed to be the 
first identification of a cellular process that is affected by preventing prelamin A processing. 
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These results indicate that the "pre" peptide of prelamin A serves an analogous function to 
that of the S. cerevisiae a-type mating factor or a-type mating pheromone, which is the only 
known protein that is processed in a similar manner to prelamin A. The present inventor's 
data indicate that the M pre" sequence of prelamin A functions as a signaling molecule when 
proteolytically released from the prelamin A protein. Based on the experimental results 
provided herein, and by the present inventor's analogy to the demonstrated function of the 
yeast a-type mating pheromone, the "pre" sequence of prelamin A indicates the proximity 
and direction of mononucleate myoblasts during differentiation and cell fusion to generate 
multinucleate myocytes. The removal of the "pre" sequence results in the synchronized 
incorporation of the mature lamin A protein into the nuclear lamina, altering the lamina 
structure and affecting gene transcription and/or cell cycle arrest. Consequently, lamin A/C 
mutations affecting prelamin A processing, "pre" signaling, or lamina formation will result 
in disease. 

Mutations in the human lamin A/C gene cause cardiac and skeletal muscle disease, 
as well as diseases affecting adipocytes and neurons (see Background discussion). As lamin 
A/C is expressed in nearly all adult cell types, and is directly involved in many nuclear 
processes, the mechanisms by which mutations in this gene lead to tissue-specific phenotypes 
has led to considerable speculation regarding putative disease mechanisms. While evidence 
has been presented demonstrating that the lamin A/C mutations resulting in partial 
lipodystrophy affect interactions with an adipocyte-specific transcription factor (Lloyd et al., 
(2002) Hum Mol Genet 11:769-77), no specific functional effects of lamin A/C disease 
mutations on cardiac or skeletal muscle cell biology have been demonstrated. The present 
inventor has directly demonstrated herein that mutations in the lamin A/C gene associated 
with dilated cardiomyopathy affect nuclear lamina structure and prelamin A processing 
resulting in aberrant myoblast differentiation. 

Prelamin A processing proceeds through a sequential series of post-translational 
protein modifications (Sinensky et al., (1994), supra). While a number of studies have 
demonstrated that the proper processing and subsequent removal of the prelamin A tail is 



12 



necessary for the efficient incorporation of mature lamin A into the nuclear lamina, the 
biological significance of prelamin A processing has remained elusive. 

The only protein known to be post-translationally processed in the same manner as 
prelamin A is the yeast a-type mating pheromone (yeast a-factor) (Boyartchuk & Rine ( 1 998) 
Genetics 150:95-101). This mating factor is expressed as pre-pro-protein, and the 
farnesylated, carboxy methylated C-terminal peptide that is released by endoproteolytic 
cleavage is the biologically active species. Yeast a-factor is a peptide pheromone that 
indicates the proximity and distance of adjacent yeast haploid cells during the process of 
yeast mating, which results in cell fusion and the production of diploid yeast cells. The yeast 
a-factor peptide binds to a trimeric G-protein coupled receptor, which activates a mitogen- 
activated protein (MAP) kinase. The MAP kinase then activates three distinct pathways 
leading to transcriptional activation of pheromone response regulated genes, post- 
transcriptional blockade of the cell cycle, and polarized morphogenesis (for review, see 
Elion, E. A. (2000) Curr Opin Microbiol 3:573-81). As a result of the present inventor's 
discovery, it can now be seen that the fact that prelamin A processing is analogous to yeast 
a-factor processing is supported by the finding that knockout mice which do not express the 
murine homologue (Zmpste24) of one of the yeast endoproteases responsible for a-factor 
processing (Ste24) are defective in prelamin A processing, and display aberrant cardiac and 
skeletal muscle morphologies that are phenocopies of those seen in the lamin A/C knockout 
mouse (Bergo et al., (2002), supra). 

The present inventor discloses herein that proper prelamin A processing is necessary 
for the release of the "pre" peptide of prelamin A, which functions in analogous fashion to 
yeast a-factor in intercellular signaling between mononucleated myoblasts during cell fusion 
and the formation of multinucleated myocytes. Furthermore, as the removal of the prelamin 
A tail is necessary for the incorporation of mature lamin A into the nuclear lamina (Lutz et 
ah, (1992), supra; Izumi et al., (2000), supra), the present inventor proposes that prelamin 
A processing synchronizes intercellular signaling with the changes in lamin A localization 
and nuclear lamina morphology that occur early in myoblast differentiation (Chaly et al., 
( 1 996) J Cell Biochem 62:76-89; Muralikrishna et al., (2001)yC^/5d 114:4001-1 1). These 
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changes in lamina structure are likely to be involved in the transcriptional regulation of 
muscle-specific genes and/or the cell cycle arrest that occurs concomitant with myoblast 
differentiation. 

The present inventor's model explains the cardiac and skeletal muscle-specific 
abnormalities observed in patients with DCM, Emery-Dreifuss muscular dystrophy and limb- 
girdle muscular dystrophy, as well as those seen in the lamin A/C and Zmpste24 knockout 
mice. In addition, the finding that prelamin A processing is necessary for the fusion of 
mononucleated cells into multinucleated myotubes explains why no biological function could 
be assigned by prior investigators to prelamin A processing in non-differentiating 
mononucleated cell lines. Finally, the model described herein indicates that lamin A/C 
mutations that affect prelamin A processing, "pre" signaling, or nuclear lamina formation 
will result in aberrant myoblast differentiation, and consequently explains why mutations 
spread throughout the lamin A/C gene cause cardiac and skeletal muscle disease. 

Shortly after the discovery that mutations in the human lamin A/C gene cause EDMD 
(Bonne et al., (1999), supra), Brodsky and colleagues (Brodsky et al., (2000), supra) and 
others (Fatkin et al., (1999), supra), identified disease mutations in families with DCM. 
Additional unpublished studies carried out in the present inventor's lab have now 
demonstrated that GFP-prelamin A fusion proteins containing DCM and EDMD disease 
mutations resulted in aberrant lamina formation in mononucleate cell lines, as assessed by 
direct fluorescence microscopy. Similar studies were reported by others who used mutant 
lamin proteins tagged with peptide markers (Ostlund et al., (2001) J Cell Sci 114:4435-45; 
Raharjo et al., (2001) J Cell Sci 114:4447-57), and who demonstrated that a protein that 
interacts with lamin A, emerin, was mislocalized as a result of mutant lamin expression. 
These studies required the use of indirect immunofluorescence microscopy. Due to the use 
of this technique, the lamina morphology results reported were ambiguous as the authors 
could not demonstrate if the lamina morphologies observed were due to the actual structures 
the mutant proteins formed, or just reflected changes in antibody-protein interactions brought 
about by the mutations. Previous reports (Chaly et al., (1996), supra; Muralikrishna et al., 
(2001), supra) had shown that antibody access could be inhibited by changes in lamina 
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structure. In addition, the present inventor has data (currently unpublished) that directly 
demonstrates that indirect immunofluorescence studies of these very same mutations result 
in misrepresentation of the true lamina structure. 

Recent screening of additional families with DCM by the present inventor's research 
group identified two additional mutations (Taylor et al., 2002, supra) responsible for this 
disease. The present inventor recently demonstrated that one of these two mutations was not 
processed correctly, and that expression of 4 of the 6 DCM mutations being studied resulted 
in aberrant cardiac and skeletal myoblast differentiation, as evidenced by misshapen and 
disorganized multinucleate myocytes. The mutation which prevents prelamin A processing 
produces the most severe phenotype. As discussed above, the present inventor's discovery 
is believed to be the first identification of a cellular process affected by any lamin A/C 
disease mutation. This is also believed to be the first demonstration of a specific biological 
process affected by preventing prelamin A processing. 

Prior to the present invention, there were no published data identifying the cellular 
function of prelamin A processing, or the mechanism by which mutations in the lamin A/C 
gene, or the deletion of the lamin A/C gene and enzymes that process prelamin A, lead to 
cardiac and skeletal muscle abnormalities. The present inventor's findings are completely 
unique, and show that prelamin A processing is necessary for the biological process whereby 
mononucleate myoblasts differentiate and fuse to form multinucleate myocytes. The present 
inventor's data is also the first to demonstrate that lamin A/C disease mutations can interfere 
with this same process. This is the first demonstration of a functional cell defect arising from 
any lamin A/C disease mutations. The finding by the present inventor that a prelamin A 
processing mutant causes aberrant myocyte differentiation was the key factor in elucidating 
that the "pre" sequence of prelamin A functions in an analogous manner to yeast a-type 
mating pheromone, which signals and synchronizes haploid yeast cells prior to fusion to 
become a diploid cell. 

While many disease mutations have been identified and shown to produce disease 
phenotypes in transgenic and/or knock-out mouse models, the mechanism by which these 
mutations exert their effects have rarely been identified. Without an understanding of how 
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the mutations exert their effects, it is not possible to efficiently design therapeutic strategies 
to treat the disease. The identification of the cellular process effected by lamin AJC disease 
mutations and prevention of prelamin A processing by the present inventor represents an 
exponential leap in the understanding of these disease processes, as well as in the ability to 
design therapies to prevent these and other cardiac and skeletal muscle diseases. 

Prior to the present invention, investigators had failed to discover the link between 
prevention of prelamin A processing and myoblast activation, including differentiation and 
cell fusion, which may be explained by a variety of reasons. First, the lamins have multiple 
activities. Lamin A provides structural support for the nucleus, binds transcription factors, 
interacts with RN A processing factors, is dynamically involved in cell cycle regulation, binds 
chromatin and histone proteins, and is involved in apoptosis. Consequently, many different 
models have been proposed to explain why lamin AJC mutations cause heart and muscle 
disease. The most generally accepted model suggested that structural perturbations to the 
lamina are exacerbated by cardiac and skeletal muscle contraction, causing the nuclei in these 
tissues to be damaged. 

Second, the farnesylation of all other human proteins serves to anchor these proteins 
to membranes. Consequently, the finding by prior investigators that removal of the 
farnesylated pre-peptide of prelamin A was necessary for the incorporation of the mature 
lamin A protein into the lamina led most to believe that the "pre" sequence functions to 
regulate the production and activity of mature lamin A, and has no activity of its own. This 
concept was likely reinforced by the fact that the peptide from which yeast a-type mating 
pheromone is released has no biological activity. As a result, the fact that lamin A had clear 
biological activities apparently led most investigators to believe that, in contrast to yeast a- 
type mating pheromone, the "pre" sequence was not a biologically active part of the prelamin 
A protein. 

While the processing of prelamin A does allow the mature lamin A protein to 
incorporate into the nuclear lamina, thereby synchronizing changes in lamina structure 
associated with myocyte differentiation with the release of the "pre" peptide signal, the nearly 
ubiquitous expression pattern of the lamin AJC gene prevented the identification of the cell 
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types in which this processing takes place. In other words, because researchers didn't know 
the function of prelamin A processing, they didn't know what cell types to use as models. 
Without using the correct cell types (e.g., differentiating cardiac and skeletal myocytes) there 
was no way to identify the biological function of prelamin A processing as the present 
inventor has now done. 

Furthermore, the fact that other disease-causing mutations in the lamin A/C gene, as 
well as a knock-out of the mouse lamin A/C gene, were shown to also cause adipocyte and 
neuronal abnormalities complicated the elucidation of the function of prelamin A by 
demonstrating that muscle was not the only tissue type affected by mutations in lamin A/C. 
Furthermore, muscle tissue has many other unique characteristics in addition to containing 
multinucleated cells derived from the fusion of mononucleated myoblasts. 

Finally, extensive studies of prelamin A processing have been performed for more 
than ten years, using both chemical agents and laboratory induced mutations, without 
identifying the biological function of this post-translational modification. These studies 
failed to identify the function of prelamin A processing primarily because they utilized 
mononucleated cell lines in which prelamin A processing has no biological function. One 
key factor in elucidating the function of prelamin A processing by the present inventor was 
the determination in the present inventor's laboratory that a DCM mutation prevented proper 
processing and resulted in aberrant cardiac and skeletal myocyte differentiation. 
Furthermore, it was the identification of the function of prelamin A processing combined 
with the findings that all of the disease mutations studied affected lamina structure, and 4 of 
the 6 mutations caused aberrant myocyte differentiation, that lead to the discovery that all of 
the disease mutations were affecting the same cellular process. Once this realization was 
made, the present inventor was able to re-evaluate an extensive amount of data produced in 
his laboratory and published in the literature, and discovered that mutations that caused 
aberrant lamina formation and which prevented prelamin A processing were effecting two 
halves of a single signaling pathway which mediates myocyte differentiation and fusion. The 
concomitant identification in the present inventor's laboratory of changes in the lamina 
architecture, altered prelamin A processing, and aberrant cardiac and skeletal myocyte 
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differentiation resulting from lamin A/C disease mutations, identification of the mechanism 
by which lamin A/C mutations lead to cardiac and skeletal muscle disease, and the function 
of prelamin A processing, led to the present invention and the products and methods 
described herein. 

The discovery by the present inventor has led to various aspects of the present, 
invention, including, but not limited to, the provision of: isolated peptides encoding the 
prelamin pre peptide, the prelamin A protein, homologues, mimetics, and fragments thereof, 
and nucleic acid molecules encoding the same, as therapeutic molecules or compositions for 
the promotion of myoblast activation and differentiation and for the treatment of cardiac and 
skeletal muscle disorders; methods to identify compounds useful for the regulation of 
prelamin A processing and myoblast activation and differentiation; methods to identify genes 
and proteins in the prelamin A processing pathway and prelamin A pre peptide signal 
transduction pathway; methods to promote myoblast activation and differentiation and to 
treat cardiac and skeletal muscle disorders; methods to identify compounds for the treatment 
of muscle cell cancers and the use of such compounds in therapeutic methods; and prelamin 
A processing-deficient proteins and cell lines. 

According to the present invention, prelamin A is a pre-protein expression product 
of the lamin A/C gene that is post-translationally processed to yield (1) lamin A and (2) the 
"pre" peptide. The nucleotide sequence of the cDNA encoding human prelamin C (Database 
Accession No. NM_005572) is represented herein by SEQ ID NO: 7. The cDNA nucleic acid 
sequence encoding human prelamin A (Database Accession No. NM_1 70707) is represented 
here by SEQ ID NO:3. SEQ ID NO:3 encodes the human prelamin A protein that has an 
amino acid sequence represented herein by SEQ ID NO:4. The nucleic acid and amino acid 
sequence of prelamin A is also known for a variety of other animal species, including, but 
not limited to: mouse, chicken, Xenopus laevis (African clawed frog), and Danio rerio (zebra 
fish). The nucleic acid sequence of mouse prelamin A (Database Accession No. BCO 1 5302) 
is represented herein by SEQ ID NO:8. SEQ ID NO:8 encodes the mouse prelamin A protein 
that has an amino acid sequence represented by SEQ ID NO:9. The nucleic acid sequence 
of chicken prelamin A (Database Accession No. XI 6879) is represented herein by SEQ ID 
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NO: 10. SEQ ID NO: 10 encodes the chicken prelamin A protein that has an amino acid 
sequence represented by SEQ ID NO:l 1. The nucleic acid sequence of Xenopus laevis 
prelamin A (Database Accession No. X06345) is represented herein by SEQ ID NO: 12. SEQ 
ID NO: 12 encodes the Xenopus laevis prelamin A protein that has an amino acid sequence 
represented by SEQ ID NO: 13. The nucleic acid sequence of Danio rerio prelamin A 
(Database Accession No. AF397016) is represented herein by SEQ ID NO: 14. SEQ ID 
NO: 14 encodes the Danio rerio prelamin A protein that has an amino acid sequence 
represented by SEQ ID NO: 1 5. 

Prelamin A processing proceeds through a sequential series of post-translational 
protein modifications (Sinensky et al., (1994), supra). The cysteine residue in the prelamin 
A C-terminal CAAX motif (OCysteine, A=aliphatic amino acid, X=any amino acid) (e.g., 
positions 66 1 -664 of SEQ ID NO:4) is farnesy lated, followed by the endoproteoly tic removal 
of the C-terminal tripeptide (-AAX). The now C-terminal cysteine residue is 
carboxymethylated, and finally the C-terminal 15 amino acid peptide (in humans) (i.e., the 
"pre" peptide) containing the modified cysteine residue (e.g., positions 647-661 of SEQ ID 
NO:4) is removed by an additional endoproteolytic processing step. The nucleic acid 
sequence of human lamin A is represented herein by SEQ ID NO:5. SEQ ID NO:5 encodes 
the lamin A protein having the amino acid sequence represented by SEQ ID NO:6. 

The nucleic acid sequence of the processed "pre" peptide from human prelamin A is 
represented herein by SEQ ID NO:l. SEQ ID NO:l encodes a 15 amino acid peptide 
(referred to herein as "pre", "pre peptide", or "prelamin A pre peptide") having an amino acid 
sequence represented herein by SEQ ID NO:2. One of skill in the art will know, based on 
the sequence of the prelamin A proteins from other animal species and the knowledge of how 
the protein is processed, the sequence of the processed lamin A and "pre" peptides 
corresponding to these other prelamin A proteins. For example, the mouse pre peptide is, 
by homology to the human pre peptide: LLGNSSPRSQSSQNC (SEQ ID NO: 16). The 
chicken pre peptide has been shown to be: VLGGAGPRRQAPAPQGC (SEQ ID NO: 1 7). 
The pre peptide for Xenopus laevis is, by homology to the human pre peptide: 
I VGNGQRAQVAPQNC (SEQ ID NO: 1 8). The pre peptide for Danio rerio is, by homology 
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to the human pre peptide: I VSNDKPRQAGPKVDNC (SEQ ID NO: 1 9). The sequences of 
the lamin A and "pre" peptides for any known prelamin A protein or nucleic acid sequence 
encoding the same are explicitly encompassed by the present invention. The complete 
sequences represented by each of the sequence database accession numbers recited herein 
are incorporated herein by reference. An alignment of the prelamin A "pre" peptide amino 
acid sequences (including the entire CAAX motif that is ultimately processed to reveal a 
modified cysteine C terminus), is shown in Fig. 2. 

Although the embodiments of the invention are discussed below with regard to the 
human prelamin A and prelamin A pre peptide sequences (e.g., SEQ ID NO:4 and SEQ ID 
NO:2, respectively), it is to be understood that the present invention expressly encompasses 
the substitution of sequences of prelamin A or prelamin A pre peptide from any other animal 
species (including from mouse, chicken, Xenopus laevis or Danio rerio discussed above) in 
any of the embodiments described below. 

One embodiment of the present invention relates to an isolated peptide selected from : 
(a) a peptide consisting essentially of SEQ ID NO:2; (b) a biologically active fragment of 
SEQ ID NO:2; (c) a peptide consisting essentially of an amino acid sequence that is at least 
about 70% identical to SEQ ID NO:2 with the biological activity of SEQ ID NO:2; and/or 
(d) a peptide consisting essentially of an amino acid sequence that differs from SEQ ID NO:2 
by at least one substitution, deletion or insertion of an amino acid residue at a position of 
SEQ ID NO:2 selected from the group consisting of: 1, 2, 5, 6, 9, 10, 1 1, 12, 13 and/or 14, 
wherein the peptide has the biological activity of SEQ ID NO:2. As discussed above, SEQ 
ID NO: 2 represents the amino acid sequence of a prelamin A pre peptide. 

Another embodiment of the present invention relates to an isolated peptide selected 
from: (a) a protein comprising an amino acid sequence represented by SEQ ID NO:4; (b) a 
protein comprising biologically active fragment of SEQ ID NO:4; and (c) a protein 
comprising an amino acid sequence that is at least about 70% identical to SEQ ID NO:4, 
wherein the protein has prelamin A or lamin A biological activity. In one aspect, this protein 
is chemically or recombinantly attached to a therapeutic agent that increases the half-life of 
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the protein in cardiac or skeletal muscle tissue. SEQ ID NO:4 represents the amino acid 
sequence of a prelamin A protein of the invention. 

Yet another embodiment of the present invention relates to an isolated peptide that 
consists essentially of an isolated fragment of SEQ ID NO:4 with inter-nuclear transport 
domain biological activity, or a biologically active homologue thereof. This fragment would 
be particularly useful as a carrier (e.g., as a fusion partner or carrier to be linked to a 
compound) for therapeutic agents for the treatment of cardiac or skeletal muscle disorders. 
A "carrier" refers to any substance or vehicle suitable for delivering a therapeutic 
composition useful in a therapeutic method (described below) to a suitable in vivo or ex vivo 
site. Methods of conjugating or operatively linking the above-described protein or fragment 
to another protein or to a non-protein compound are well known in the art. 

The "pre" peptide of prelamin A is a small, 15 amino acid, naturally occurring, easily 
synthesized, signaling peptide that specifically promotes proper cardiac and skeletal myoblast 
fusion, myocyte differentiation, and myocyte organization in adults. Consequently, this 
peptide is an excellent drug candidate as it will specifically promote cell fusion and 
regeneration of cardiac and skeletal myocytes damaged by disease or other factors. The 
peptide could be given in its protein form, or introduced as a cDNA by gene therapy. The 
prelamin A cDNA is also an excellent candidate for gene therapy of cardiac and skeletal 
muscle disorders and degeneration (or the protein encoded thereby could be delivered). The 
present inventor's data shows that this protein is rapidly transferred between the multiple 
nuclei within a myocyte, and affects the morphology and organization of the transfected 
myocytes as well as that of adjacent untransfected myocytes. Consequently, the prelamin A 
cDNA would be a highly potent and efficacious gene therapy treatment. 

According to the present invention, an isolated protein or peptide, such as a prelamin 
A protein or pre peptide, is a protein (including a polypeptide or peptide) that has been 
removed from its natural milieu (i.e., that has been subject to human manipulation) and can 
include purified proteins, partially purified proteins, recombinantly produced proteins, and 
synthetically produced proteins, for example. As such, "isolated" does not reflect the extent 
to which the protein has been purified. Preferably, an isolated protein such as a prelamin A 
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protein of the present invention is produced recombinantly. An isolated peptide, such as the 
pre peptide, can be produced synthetically (e.g., chemically, such as by peptide synthesis) or 
recombinantly. In addition, and by way of example, a "human prelamin A protein" refers to 
a prelamin A protein (generally including a homologue of a naturally occurring prelamin A 
protein) from a human {Homo sapiens), or to a prelamin A protein that has been otherwise 
produced from the knowledge of the structure (e.g., sequence), and perhaps the function, of 
a naturally occurring prelamin A protein from Homo sapiens. In other words, general 
reference to a human prelamin A protein includes any prelamin A protein that has 
substantially similar structure and function of a naturally occurring prelamin A protein from 
Homo sapiens or that is a biologically active (i.e., has biological activity) homologue of a 
naturally occurring prelamin A protein from Homo sapiens as described in detail herein. As 
such, a human prelamin A protein can include purified, partially purified, recombinant, 
mutated/modified and synthetic proteins. The same description applies to reference to other 
proteins or peptides described herein, such as the pre peptide of prelamin A. 

According to the present invention, the terms "modification" and "mutation" can be 
used interchangeably, particularly with regard to the modifications/mutations to the primary 
amino acid sequences of prelamin A or pre (or nucleic acid sequences) described herein. The 
term "modification" can also be used to describe post-translational modifications to a protein 
or peptide including, but not limited to, methylation, farnesylation, carboxymethylation, 
geranyl geranylation, glycosylation, phosphorylation, acetylation, myristoylation, prenylation, 
palmitation, and/or amidation. Modifications can also include, for example, complexing a 
protein or peptide with a lipid carrier. Such modifications can be considered to be mutations 
if the modification is different than the post-translational modification that occurs in the 
natural, wild-type protein or peptide. 

As used herein, the term "homologue" is used to refer to a protein or peptide which 
differs from a naturally occurring protein or peptide (i.e., the "prototype" or "wild-type" 
protein) by one or more minor modifications or mutations to the naturally occurring protein 
or peptide, but which maintains the overall basic protein and side chain structure of the 
naturally occurring form (i.e., such that the homologue is identifiable as being related to the 
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wild-type protein). Such changes include, but are not limited to: changes in one or a few 
amino acid side chains; changes one or a few amino acids, including deletions (e.g., a 
truncated version of the protein or peptide) insertions and/or substitutions; changes in 
stereochemistry of one or a few atoms; and/or minor derivatizations, including but not 
limited to: methylation, farnesylation, geranyl geranylation, glycosylation, 
carboxymethylation, phosphorylation, acetylation, myristoylation, prenylation, palmitation, 
and/or amidation. A homologue can have either enhanced, decreased, or substantially similar 
properties as compared to the naturally occurring protein or peptide. A homologue can 
include an agonist of a protein or peptide or an antagonist of a protein or peptide. 

Homologues can be the result of natural allelic variation or natural mutation. A 
naturally occurring allelic variant of a nucleic acid encoding a protein is a gene that occurs 
at essentially the same locus (or loci) in the genome as the gene which encodes such protein, 
but which, due to natural variations caused by, for example, mutation or recombination, has 
a similar but not identical sequence. Allelic variants typically encode proteins having similar 
activity to that of the protein encoded by the gene to which they are being compared. One 
class of allelic variants can encode the same protein but have different nucleic acid sequences 
due to the degeneracy of the genetic code. Allelic variants can also comprise alterations in 
the 5' or 3' untranslated regions of the gene (e.g., in regulatory control regions). Allelic 
variants are well known to those skilled in the art. 

Homologues can be produced using techniques known in the art for the production 
of proteins including, but not limited to, direct modifications to the isolated, naturally 
occurring protein, direct protein synthesis, or modifications to the nucleic acid sequence 
encoding the protein using, for example, classic or recombinant DNA techniques to effect 
random or targeted mutagenesis. 

Modifications in protein homologues, as compared to the wild-type protein, either 
agonize, antagonize, or do not substantially change, the basic biological activity of the 
homologue as compared to the naturally occurring (wild-type) protein. In general, the 
biological activity or biological action of a protein refers to any function(s) exhibited or 
performed by the protein that is ascribed to the naturally occurring form of the protein as 
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measured or observed in vivo (i.e., in the natural physiological environment of the protein) 
or in vitro (i.e., under laboratory conditions). Modifications of a protein, such as in a 
homologue or mimetic (discussed below), may result in proteins having the same biological 
activity as the naturally occurring protein, or in proteins having decreased or increased 
biological activity as compared to the naturally occurring protein. Modifications which result 
in a decrease in protein expression or a decrease in the activity of the protein, can be referred 
to as inactivation (complete or partial), down-regulation, or decreased action (or activity) of 
a protein. Similarly, modifications which result in an increase in protein expression or an 
increase in the activity of the protein, can be referred to as amplification, overproduction, 
activation, enhancement, up-regulation or increased action (or activity) of a protein. It is 
noted that general reference to a homologue having the biological activity of the wild-type 
protein does not necessarily mean that the homologue has identical biological activity as the 
wild-type protein, particularly with regard to the level of biological activity. Rather, a 
homologue can perform the same biological activity as the wild-type protein, but at a reduced 
or increased level of activity as compared to the wild-type protein. 

According to the present invention, an isolated prelamin A protein or an isolated pre 
peptide (or other isolated protein described herein), including a biologically active 
homologue or fragment thereof, has at least one characteristic of biological activity of 
activity the wild-type, or naturally occurring protein (which can vary depending on whether 
the homologue or fragment is an agonist, antagonist, or mimic of the wild-type protein). The 
biological activity of prelamin A can include any activity of the pre peptide or of the lamin 
peptide, including, but not limited to: expression of prelamin A or pre peptide; processing 
of prelamin A to release the pre peptide and lamin; pre peptide signal transduction, 
synchronization of intercellular signaling with changes in lamin A localization and nuclear 
lamina morphology that occur early in myoblast differentiation, synchronization of 
transcriptional regulation of muscle-specific genes or cell cycle arrest that occurs 
concomitant with myoblast differentiation, induction of myoblast activation and 
differentiation, and incorporation of lamin A into the nuclear lamina structure. 
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Methods of detecting and measuring prelamin A or pre peptide biological activity 
(which can be applied appropriately to measure agonist or antagonist activity) include, but 
are not limited to, measurement of transcription of prelamin A, measurement of translation 
of prelamin A, measurement of posttranslational modification of prelamin A, measurement 
of processing of the pre peptide, measurement of pre peptide signal transduction, 
measurement of lamin A incorporation into the nuclear lamina structure, measurement of 
transcriptional regulation of muscle-specific genes and/or cell cycle arrest, measurement of 
nuclear lamina morphology, measurement of pre peptide transport, measurement of lamin 
A localization, measurement of myocyte cell fusion, and/or measurement of myoblast 
activation and differentiation. It is noted that an isolated protein of the present invention 
(including homologues) is not necessarily required to have the biological activity of the wild- 
type protein. For example, a prelamin A protein can be a truncated, mutated or inactive 
protein, for example. Such proteins are useful in diagnostic assays or some screening assays, 
for example, or for other purposes such as antibody production. In a preferred embodiment, 
the isolated proteins of the present invention (e.g., prelamin A or pre peptide) have biological 
activity that is similar to that of the wild-type protein (although not necessarily equivalent, 
as discussed above). 

Methods to measure protein expression levels of this invention include, but are not 
limited to: Western blot, immunoblot, enzyme-linked immunosorbant assay (ELISA), 
radioimmunoassay (RIA), immunoprecipitation, surface plasmon resonance, 
chemiluminescence, fluorescent polarization, phosphorescence, immunohistochemical 
analysis, matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass 
spectrometry, microcytometry, microarray, microscopy, fluorescence activated cell sorting 
(FACS), and flow cytometry, as well as assays based on a property of the protein including 
but not limited to DNA binding, ligand binding, or interaction with other protein partners. 
Binding assays are also well known in the art. For example, a BIAcore machine can be used 
to determine the binding constant of a complex between two proteins. The dissociation 
constant for the complex can be determined by monitoring changes in the refractive index 
with respect to time as buffer is passed over the chip (O'Shannessy et al. Anal. Biochem. 
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212:457-468 (1993); Schuster et al., Nature 365:343-347 (1993)). Other suitable assays for 
measuring the binding of one protein to another include, for example, immunoassays such 
as enzyme linked immunoabsorbent assays (ELISA) and radioimmunoassays (RIA); or 
determination of binding by monitoring the change in the spectroscopic or optical properties 
of the proteins through fluorescence, U V absorption, circular dichrosim, or nuclear magnetic 
resonance (NMR). To evaluate whether two proteins interact, two hybrid assays (e.g., yeast 
two hybrid assays) are useful and are particularly useful for identifying proteins (gene 
products) that interact with prelamin A or pre peptide. 

As used herein, an "agonist" of a protein or peptide of the invention refers to any 
compound that is characterized by the ability to agonize (e.g., stimulate, induce, increase, 
enhance, or mimic) the biological activity of the naturally occurring (wild-type) protein as 
described herein. More particularly, an agonist can include, but is not limited to, a protein, 
peptide, or nucleic acid that stimulates, induces, mimics or enhances the activity of the 
natural ligand, (e.g., prelamin A or pre peptide), and includes homologue of the wild-type 
protein, a binding protein (e.g., an antibody), or any suitable product of 
drug/compound/peptide design or selection which is characterized by its ability to agonize 
(e.g., stimulate, induce, increase, enhance) the biological activity of a naturally occurring 
protein. Agonists can be useful in methods for regulating myoblast activation and/or the 
growth or regeneration of cardiac or skeletal muscle. 

The phrase, "antagonist" refers to any compound which inhibits (e.g., antagonizes, 
reduces, decreases, blocks, reverses, or alters) the effect of a naturally occurring or wild-type 
protein of the invention or of an agonist thereof, as described above. More particularly, an 
antagonist is capable of associating with proteins or other compounds in a manner similar 
to the wild-type protein, or otherwise acts in a manner relative to the activity of the wild-type 
protein, such that the biological activity of the wild-type protein is decreased or blocked in 
a manner that is antagonistic (e.g., against, a reversal of, contrary to) to the natural action of 
wild-type protein. Such antagonists can include, but are not limited to, a protein, peptide, 
or nucleic acid (including ribozymes and antisense) or product of drug/compound/peptide 
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design or selection that provides the antagonistic effect. Antagonists can be useful, for 
example, in methods for treatment of muscle cell cancers and metastatic cancers thereof. 

According to the present invention, a ribozyme typically contains stretches of 
complementary RNA bases that can base-pair with a target RN A ligand, including the RNA 
molecule itself, giving rise to an active site of defined structure that can cleave the bound 
RNA molecule (See Maulik et al., 1997, supra). Therefore, a ribozyme can serve as a 
targeting delivery vehicle for a nucleic acid molecule, or alternatively, the ribozyme can 
target and bind to RNA encoding prelamin A, for example, and thereby effectively inhibit 
the translation of prelamin A. 

As used herein, an anti-sense nucleic acid molecule is defined as an isolated nucleic 
acid molecule that reduces expression of a protein by hybridizing under high stringency 
conditions to a gene encoding the protein (including to regulatory regions of the gene 
encoding the protein). Such a nucleic acid molecule is sufficiently similar to the nucleic acid 
sequence encoding the protein that the molecule is capable of hybridizing under high 
stringency conditions to the coding strand of the gene or RNA encoding the natural protein. 
In a particularly preferred embodiment, an anti-sense nucleic acid molecule of the present 
invention is the exact complement of the regulatory region or the coding region of the 
protein. It is noted that the anti-sense of the coding region does not necessarily include the 
anti-sense of the stop codon. 

Homologues of prelamin A or pre peptide, including peptide and non-peptide 
agonists and antagonists of prelamin A or pre peptide, can be products of drug design or 
selection and can be produced using various methods known in the art. Such homologues 
can be referred to as mimetics. A mimetic refers to any peptide or non-peptide compound 
that is able to mimic the biological action of a naturally occurring peptide, often because the 
mimetic has a basic structure that mimics the basic structure of the naturally occurring 
peptide and/or has the salient biological properties of the naturally occurring peptide. 
Mimetics can include, but are not limited to: peptides that have substantial modifications 
from the prototype such as no side chain similarity with the naturally occurring peptide (such 
modifications, for example, may decrease its susceptibility to degradation); anti-idiotypic 
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and/or catalytic antibodies, or fragments thereof; non-proteinaceous portions of an isolated 
protein (e.g., carbohydrate structures); or synthetic or natural organic molecules, including 
nucleic acids and drugs identified through combinatorial chemistry, for example. Such 
mimetics can be designed, selected and/or otherwise identified using a variety of methods 
known in the art. Various methods of drug design, useful to design or select mimetics or 
other therapeutic compounds useful in the present invention are disclosed in Maulik et al., 
1 997, Molecular Biotechnology: Therapeutic Applications and Strategies, Wiley-Liss, Inc., 
which is incorporated herein by reference in its entirety. 

A mimetic can be obtained, for example, from molecular diversity strategies (a 
combination of related strategies allowing the rapid construction of large, chemically diverse 
molecule libraries), libraries of natural or synthetic compounds, in particular from chemical 
or combinatorial libraries (i.e., libraries of compounds that differ in sequence or size but that 
have the similar building blocks) or by rational, directed or random drug design. See for 
example, Maulik et al., supra. 

In a molecular diversity strategy, large compound libraries are synthesized, for 
example, from peptides, oligonucleotides, carbohydrates and/or synthetic organic molecules, 
using biological, enzymatic and/or chemical approaches. The critical parameters in 
developing a molecular diversity strategy include subunit diversity, molecular size, and 
library diversity. The general goal of screening such libraries is to utilize sequential 
application of combinatorial selection to obtain high-affinity ligands for a desired target, and 
then to optimize the lead molecules by either random or directed design strategies. Methods 
of molecular diversity are described in detail in Maulik, et al., ibid. 

Maulik et al . also disclose, for example, methods of directed design, in which the user 
directs the process of creating novel molecules from a fragment library of appropriately 
selected fragments; random design, in which the user uses a genetic or other algorithm to 
randomly mutate fragments and their combinations while simultaneously applying a selection 
criterion to evaluate the fitness of candidate ligands; and a grid-based approach in which the 
user calculates the interaction energy between three dimensional receptor structures and 
small fragment probes, followed by linking together of favorable probe sites. 
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In one embodiment of the present invention, a prelamin A protein has an amino acid 
sequence that comprises, consists essentially of, or consists of, SEQ ID NO:4. SEQ ID NO:4 
represents a human prelamin A protein (encoded by nucleic acid sequence SEQ ID NO:3). 
The present invention also includes homologues of SEQ ID NO:4, or fragments of SEQ ID 
NO:4, wherein the homologue or fragment has prelamin A biological activity (including 
agonist or antagonist activity), as described previously herein. 

In one embodiment of the present invention, a pre peptide of prelamin A has an 
amino acid sequence that comprises, consists essentially of, or consists of, SEQ ID NO:2. 
SEQ ID NO:2 represents a human pre peptide (encoded by SEQ ID NO:l). The present 
invention also includes homologues of SEQ ID NO:2 or fragments of SEQ ID NO:2, wherein 
the homologue or fragment has pre peptide biological activity (including agonist or 
antagonist activity), as described previously herein and as described in more detail below. 

In one embodiment, a pre peptide or a prelamin A protein of the present invention, 
including a homologue thereof, has an amino acid sequence that is at least about 50% 
identical to an amino acid sequence of SEQ ID NO:2 or SEQ ID NO:4, respectively, over the 
full length of any of such sequences, wherein the protein has pre peptide or prelamin A 
biological activity (which can include agonist or antagonist activity), respectively. In another 
embodiment, a pre peptide or a prelamin A protein useful in the present invention has an 
amino acid sequence that is at least about 55% identical, or at least about 60% identical, or 
at least about 65% identical, or at least about 70% identical, or at least about 75% identical, 
or at least about 80% identical, or at least about 85% identical, or at least about 90% 
identical, or at least about 95% identical, or at least about 96% identical, or at least about 
97% identical, or at least about 98% identical, or at least about 99% identical to SEQ ID 
NO:2 or SEQ ID NO:4, respectively, over the full length of any of such sequences. 

In one embodiment of the present invention, a homologue of a protein, such as a 
prelamin A protein or a prelamin A pre peptide according to the present invention has an 
amino acid sequence that is less than about 100% identical to the wild-type sequence (e.g., 
SEQ ID NO:4 or SEQ ID NO:2). In another aspect of the invention, a homologue according 
to the present invention has an amino acid sequence that is less than about 99% identical to 
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the wild-type amino acid sequence, and in another embodiment, is less than is less than 98% 
identical to the wild-type amino acid sequence, and in another embodiment, is less than 97% 
identical to the wild-type amino acid sequence, and in another embodiment, is less than 96% 
identical to the wild-type amino acid sequence, and in another embodiment, is less than 95% 
identical to the wild-type amino acid sequence, and in another embodiment, is less than 94% 
identical to the wild-type amino acid sequence, and in another embodiment, is less than 93% 
identical to the wild-type amino acid sequence, and in another embodiment, is less than 92% 
identical to the wild-type amino acid sequence, and in another embodiment, is less than 91% 
identical to the wild-type amino acid sequence, and in another embodiment, is less than 90% 
identical to the wild-type amino acid sequence, and so on, in increments of whole integers. 

As used herein, unless otherwise specified, reference to a percent (%) identity refers 
to an evaluation of homology which is performed using: (1) a BLAST 2.0 Basic BLAST 
homology search using blastp for amino acid searches, blastn for nucleic acid searches, and 
blastX for nucleic acid searches and searches of translated amino acids in all 6 open reading 
frames, all with standard default parameters, wherein the query sequence is filtered for low 
complexity regions by default (described in Altschul, S.F., Madden, T.L., Schaaffer, A. A., 
Zhang, J., Zhang, Z., Miller, W. & Lipman, D.J. (1997) "Gapped BLAST and PSI-BLAST: 
a new generation of protein database search programs." Nucleic Acids Res. 25:3389-3402, 
incorporated herein by reference in its entirety); (2) a BLAST 2 alignment (using the 
parameters described below); (3) and/or PSI-BLAST with the standard default parameters 
(Position-Specific Iterated BLAST). It is noted that due to some differences in the standard 
parameters between BLAST 2.0 Basic BLAST and BLAST 2, two specific sequences might 
be recognized as having significant homology using the BLAST 2 program, whereas a search 
performed in BLAST 2.0 Basic BLAST using one of the sequences as the query sequence 
may not identify the second sequence in the top matches. In addition, PSI-BLAST provides 
an automated, easy-to-use version of a "profile" search, which is a sensitive way to look for 
sequence homologues. The program first performs a gapped BLAST database search. The 
PSI-BLAST program uses the information from any significant alignments returned to 
construct a position-specific score matrix, which replaces the query sequence for the next 
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round of database searching. Therefore, it is to be understood that percent identity can be 

determined by using any one of these programs. 

Two specific sequences can be aligned to one another using BLAST 2 sequence as 

described in Tatusova and Madden, (1999), "Blast 2 sequences - a new tool for comparing 

protein and nucleotide sequences", FEMS Microbiol Lett, 1 74:247-250, incorporated herein 

by reference in its entirety. BLAST 2 sequence alignment is performed in blastp or blastn 

using the BLAST 2.0 algorithm to perform a Gapped BLAST search (BLAST 2.0) between 

the two sequences allowing for the introduction of gaps (deletions and insertions) in the 

resulting alignment. For purposes of clarity herein, a BLAST 2 sequence alignment is 

performed using the standard default parameters as follows. 

For blastn, using 0 BLOSUM62 matrix: 

Reward for match = 1 

Penalty for mismatch = -2 

Open gap (5) and extension gap (2) penalties 

gap xjdropoff (50) expect (10) word size (11) filter (on) 

For blastp, using 0 BLOSUM62 matrix: 

Open gap (11) and extension gap (1) penalties 

gap xjdropoff (50) expect (10) word size (3) filter (on). 

According to the present invention, the term "contiguous" or "consecutive", with 
regard to nucleic acid or amino acid sequences described herein, means to be connected in 
an unbroken sequence. For example, for a first sequence to comprise 30 contiguous (or 
consecutive) amino acids of a second sequence, means that the first sequence includes an 
unbroken sequence of 30 amino acid residues that is 1 00% identical to an unbroken sequence 
of 30 amino acid residues in the second sequence. Similarly, for a first sequence to have 
" 1 00% identity" with a second sequence means that the first sequence exactly matches the 
second sequence with no gaps between nucleotides or amino acids. 

In another embodiment, a pre peptide homologue or a prelamin A homologue 
includes a protein having an amino acid sequence that is sufficiently similar to a naturally 
occurring pre peptide or prelamin A amino acid sequence, respectively, that a nucleic acid 
sequence encoding the homologue is capable of hybridizing under moderate, high, or very 
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high stringency conditions (described below) to (i.e., with) a nucleic acid molecule encoding 
the naturally occurring protein (i.e., to the complement of the nucleic acid strand encoding 
the naturally occurring amino acid sequence). Preferably, a protein useful in the invention, 
including a homologue, is encoded by a nucleic acid sequence that hybridizes under 
moderate, high or very high stringency conditions to the complement of a nucleic acid 
sequence that encodes a protein comprising an amino acid sequence represented by SEQ ID 
NO:2 or SEQ ID NO:4. Even more preferably, a protein useful in the present invention, 
including a homologue, is encoded by a nucleic acid sequence that hybridizes under 
moderate, high or very high stringency conditions to the complement of the coding region 
of a nucleic acid sequence selected from SEQ ID NO:l or SEQ ID NO:3, or fragments 
thereof. Such hybridization conditions are described in detail below. A nucleic acid 
sequence complement of nucleic acid sequence encoding a protein useful in the present 
invention refers to the nucleic acid sequence of the nucleic acid strand that is complementary 
to the strand which encodes the protein. It will be appreciated that a double stranded DNA 
which encodes a given amino acid sequence comprises a single strand DNA and its 
complementary strand having a sequence that is a complement to the single strand DNA. As 
such, nucleic acid molecules of the present invention can be either double-stranded or single- 
stranded, and include those nucleic acid molecules that form stable hybrids under stringent 
hybridization conditions with a nucleic acid sequence that encodes an amino acid sequence 
of pre peptide or prelamin A, for example, and/or with the complement of the nucleic acid 
sequence that encodes any of such amino acid sequences. Methods to deduce a 
complementary sequence are known to those skilled in the art. It should be noted that since 
amino acid sequencing and nucleic acid sequencing technologies are not entirely error-free, 
the sequences presented herein, at best, represent apparent sequences of pre peptide and 
prelamin A of the present invention. 

As used herein, reference to hybridization conditions refers to standard hybridization 
conditions under which nucleic acid molecules are used to identify similar nucleic acid 
molecules. Such standard conditions are disclosed, for example, in Sambrook et al., 
Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Labs Press, 1 989. Sambrook 
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et al., ibid,, is incorporated by reference herein in its entirety (see specifically, pages 9.31- 
9.62). In addition, formulae to calculate the appropriate hybridization and wash conditions 
to achieve hybridization permitting varying degrees of mismatch of nucleotides are disclosed, 
for example, in Meinkoth et al., \984, Anal. Biochem. 138, 267-284; Meinkoth et al., ibid., 
is incorporated by reference herein in its entirety. 

More particularly, moderate stringency hybridization and washing conditions, as 
referred to herein, refer to conditions which permit isolation of nucleic acid molecules having 
at least about 70% nucleic acid sequence identity with the nucleic acid molecule being used 
to probe in the hybridization reaction (i.e., conditions permitting about 30% or less mismatch 
of nucleotides). High stringency hybridization and washing conditions, as referred to herein, 
refer to conditions which permit isolation of nucleic acid molecules having at least about 
80% nucleic acid sequence identity with the nucleic acid molecule being used to probe in the 
hybridization reaction (i.e., conditions permitting about 20% or less mismatch of 
nucleotides). Very high stringency hybridization and washing conditions, as referred to 
herein, refer to conditions which permit isolation of nucleic acid molecules having at least 
about 90% nucleic acid sequence identity with the nucleic acid molecule being used to probe 
in the hybridization reaction (i.e., conditions permitting about 10% or less mismatch of 
nucleotides). As discussed above, one of skill in the art can use the formulae in Meinkoth 
et al, ibid, to calculate the appropriate hybridization and wash conditions to achieve these 
particular levels of nucleotide mismatch. Such conditions will vary, depending on whether 
DNA:RNA or DNA:DNA hybrids are being formed. Calculated melting temperatures for 
DNA:DNA hybrids are 10°C less than for DNA:RNA hybrids. In particular embodiments, 
stringent hybridization conditions for DNA:DNA hybrids include hybridization at an ionic 
strength of 6X SSC (0.9 M Na + ) at a temperature of between about 20°C and about 35°C 
(lower stringency), more preferably, between about 28°C and about 40°C (more stringent), 
and even more preferably, between about 35°C and about 45 °C (even more stringent), with 
appropriate wash conditions. In particular embodiments, stringent hybridization conditions 
for DNA:RNA hybrids include hybridization at an ionic strength of 6X SSC (0.9 M Na + ) at 
a temperature of between about 30°C and about 45°C, more preferably, between about 38°C 

33 



and about 50°C, and even more preferably, between about 45°C and about 55°C, with 
similarly stringent wash conditions. These values are based on calculations of a melting 
temperature for molecules larger than about 100 nucleotides, 0% formamide and aG + C 
content of about 40%. Alternatively, T m can be calculated empirically as set forth in 
Sambrook et al., supra, pages 9.31 to 9.62. In general, the wash conditions should be as 
stringent as possible, and should be appropriate for the chosen hybridization conditions. For 
example, hybridization conditions can include a combination of salt and temperature 
conditions that are approximately 20-25°C below the calculated T m of a particular hybrid, 
and wash conditions typically include a combination of salt and temperature conditions that 
are approximately 12-20°C below the calculated T m of the particular hybrid. One example 
of hybridization conditions suitable for use with DNA:DNA hybrids includes a 2-24 hour 
hybridization in 6X SSC (50% formamide) at about 42°C, followed by washing steps that 
include one or more washes at room temperature in about 2X SSC, followed by additional 
washes at higher temperatures and lower ionic strength (e.g., at least one wash as about 37°C 
in about 0.1X-0.5X SSC, followed by at least one wash at about 68°C in about 0.1X-0.5X 
SSC). 

In another embodiment of the invention, a homologue of a prelamin A protein or a 
pre peptide can include at least one modification to a specific amino acid residue of the wild- 
type sequence, wherein the resulting homologue preferably retains a biological activity of the 
wild-type protein or peptide. Particularly preferred modifications include at least one 
substitution, deletion, or insertion of an amino acid residue for an amino acid residue that 
does not, or is predicted not to, substantially affect the biological activity of the protein. 
Referring to Fig. 2, the present inventor has aligned the prelamin A pre peptide (including 
the ultimately cleaved - AAX motif from prelamin A, described above) to show the conserved 
amino acid positions relative to the human sequence. Based on such an alignment, one of 
skill in the art can readily predict which amino acid positions are most likely to tolerate 
substitution, modification, insertion or deletion, and whether substitutions or additions 
should be conservative or less conservative. 
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For example, from the alignment provided in Fig. 2, it is clear that the human 
sequence (positions 647-664 of SEQ ID NO:4; represented by SEQ ID NO:20) is most 
closely related to the mouse (positions 648-665 of SEQ ID NO:9; represented by SEQ ID 
NO:2 1 ) and chicken sequence (positions 638-657 of SEQ ID NO: 1 1 ; represented by SEQ ID 
NO:22), and less so to frog (positions 648-665 of SEQ ID NO: 13; represented by SEQ ID 
NO:23) and fish (positions 640-659 of SEQ ID NO: 15; represented by SEQ ID NO:24), as 
would be expected based on taxonomy. With reference to the human sequence shown in Fig. 
2, since the amino acid position of relative to human T9 (threonine at position 9 of SEQ ID 
NO:20) is not conserved in any species, the substitutions of serine, arginine ®) and glutamic 
acid (Q) for this amino acid sequence of other species are unlikely to have an effect and 
therefore, this position is likely to tolerate a variety of substitutions or other modifications. 
The substitutions seen in chicken, frog and fish for human S5, S6, Q10 and SI 1 are more 
intermediate in terms of the type of substitution at this position between species, and so one 
could make more conservative, but not necessarily very conservative, substitutions or 
modifications at these positions with a reasonable expectation of avoiding significantly 
altering protein activity or processing. The alignment indicates that modifications could also 
be made at positions relative to human LI and L2. However, since the differences among 
species at these positions are very conservative (e.g., a valine or isoleucine for a leucine), one 
would preferably limit modifications at this position to the most conservative possibilities 
(e.g., one would typically avoid substitution of a polar or charged amino acid at these 
aliphatic positions, but favor substitutions of other aliphatic amino acids such as valine or 
isoleucine for the leucine residue). The positions relative to human G3, N4, P7, R8, PI 2, 
Q13,N14, C15,S16, 117 and Ml 8 are conserved in 4 of the 5 species, or in all 5 species. 
Substitutions in these amino acids would be the most likely to affect protein activity and/or 
processing, although as discussed below, substitutions or modifications at these positions are 
not excluded in the present invention. 

In general, one could use the following guidelines with reference to the human 
sequence (SEQ ID NO:20). LI and L2 are conservatively substituted among other species 
and so good choices for substitution would be other aliphatic amino acids. G3 is only non- 
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conservatively substituted in zebrafish, and would be an unlikely choice for substitutions that 
would not affect activity. N4 is only nonconservatively substituted in chicken and would be 
a weak choice. S5 is conservatively substituted in chicken, zebrafish and frog, and the S6 is 
nonconservatively substituted in these three species. Therefore, both serines (S5 and S6) 
would be intermediate sites for substitutions. P7 and R8 are only non-conservatively 
substituted in Xenopus and would be weak targets, while the following T9 is 
nonconservatively substituted in all 4 species, making it the strongest target for substitutions 
that are not predicted to affect activity. Q10 has nonconservative substitutions in zebrafish 
and frog, making it an intermediate candidate, while SI 1 is nonconservatively substituted in 
chick, fish and frog, making it an intermediate candidate as well. PI 2 has a conservative 
substitution to an S in mouse only, indicating this particular amino acid change may not 
affect activity, but other changes at this residue would be predicted to affect activity. Q 1 3 
has a conservative substitution in zebrafish only, making it a poor choice, and the following 
N14 has a nonconservative substitution in chicken only, indicating it is not a preferred 
position for substitutions. The final CSIM (positions 15-18 of SEQ ID NO:20 in Fig. 2, 
corresponding to positions 661-664 of SEQ ID NO:4) is the CAAX motif, and is conserved 
through all species, indicating it is not normally modified. However, because the -AAX 
motif is known to be degenerate regarding the ability to direct farnesylation, the present 
inventor envisions the possibility of making substitutions in these amino acids, particularly 
with regard to embodiments directed to modifying the farnesylation processing steps of 
prelamin A. 

Finally, it is to be understood that while positions that contain the most variability 
across species are the most likely to be mutated without effect, any substitution which occurs 
between species may be conservative functionally. Therefore, even though there are only 
single substitutions in each of the PI 2, Q13 and N14 amino acids at the end of the human 
sequence (SEQ ID NO:20), one might want to introduce these single amino acid substitutions 
in the human sequence because they have low probabilities of affecting activity. 

Preferred amino acid residues of the human prelamin A pre peptide sequence for 
modification include, but are not limited to: 1, 2, 5, 6, 9, 10, 11, 12, 13 and/or 14, with 
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modifications at positions 1, 2, 5, 6, 9, 10, 1 1 and/or 12 being more preferred, and 
modifications at positions 1, 2 5 5, 6, 9, 10 and/or 1 1 being particularly preferred. 

Conservative substitutions typically include substitutions within the following 
groups: glycine and alanine; valine, isoleucine and leucine; aspartic acid, glutamic acid, 
asparagine, and glutamine; serine and threonine; lysine and arginine; and phenylalanine and 
tyrosine. Substitutions may also be made on the basis of conserved hydrophobicity or 
hydrophilicity (Kyte and Doolittle, J. Mol Biol (1982) 1 57: 105-132), or on the basis of the 
ability to assume similar polypeptide secondary structure (Chou and Fasman, Adv. EnzymoL 
(1978)47:45-148, 1978). 

In another aspect of the invention, it is desirable to produce a homologue of prelamin 
A that is processing deficient. In this aspect, preferred amino acid residues for ; modification 
include, but are not limited to (with reference to SEQ ID NO:4), any residues that are rarely 
substituted across species, Arg60, Leu85, Glu203, Arg89, Asnl95, Arg377, Tyr646, G649, 
N650, P653, R654, P658, Q659, N660, Cys661, S662, 1663 and/or M664. It is to be 
understood that modifications are not limited to these positions of SEQ ID NO:4, as one of 
skill in the art will readily be able to select other positions that are likely to tolerate at least 
a conservative amino acid substitution, if not moderate to any amino acid substitution. In 
one aspect, the amino acids are substituted for different amino acid residues as follows: 
Arg60Gly, Lue85Arg, Glu203Gly, Arg89Leu, Asnl9Lys, and Arg377His. 

The minimum size of a protein and/or homologue of the present invention is, in one 
aspect, a size sufficient to have the requisite biological activity, including agonist or 
antagonist activity, or sufficient to serve as an antigen for the generation of an antibody or 
as a target or detectable reagent in an in vitro assay. In one embodiment, a pre peptide of the 
present invention is at least about 8 amino acids in length, or at least about 9 amino acids in 
length, or at least about 10 amino acids in length, or at least about 1 1 amino acids in length, 
or at least about 12 amino acids in length, or at least about 13 amino acids in length, or at 
least about 14 amino acids in length, or at least about 1 5 amino acids in length. There is no 
limit, other than a practical limit, on the maximum size of such a protein in that the protein 
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can include a portion of a pre peptide or a full-length pre peptide, plus additional sequence 
(e.g., a fusion protein sequence), if desired. 

In one embodiment, a prelamin A protein of the present invention is at least about 8 
amino acids in length (e.g., suitable for an antibody epitope or as a detectable reagent in an 
assay), or at least about 25 amino acids in length, or at least about 50 amino acids in length, 
or at least about 100 amino acids in length, or at least about 1 50 amino acids in length, or at 
least about 200 amino acids in length, or at least about 250 amino acids in length, or at least 
about 300 amino acids in length, or at least about 350 amino acids in length, or at least about 
400 amino acids in length, or at least about 450 amino acids in length, or at least about 500 
amino acids in length, or at least about 550 amino acids in length, or at least about 600 amino 
acids in length. Again, there is no limit, other than a practical limit, on the maximum size 
of such a protein in that the protein can include a portion of a prelamin A protein or a full- 
length prelamin A protein, plus additional sequence (e.g., a fusion protein sequence), if 
desired. 

Another embodiment of the invention relates to a fragment of prelamin A consisting 
essentially of a domain of prelamin A that has inter-nuclear transport domain biological 
activity, or a biologically active homologue thereof. The present inventor has shown that 
prelamin A is rapidly transferred between nuclei within the myocyte, increasing its efficacy. 
The use of the inter-nuclear transport domain as a targeting moiety for other pharmaceuticals 
would increase their efficacy without introducing toxicity. To identify the exact sequence 
of the transport domain will be straightforward. Briefly, in order to identify the lamin A 
protein sequences responsible for internuclear transport, deletion-mapping experiments will 
be performed on the wild type prelamin A GFP-fusion protein construct. Initially, restriction 
enzymes will be used to create large, overlapping deletions in the prelamin A cDNA 
sequence. For example, C2C 1 2 myoblasts will be transfected with the deletion constructs and 
induced to differentiate. Protein regions responsible for internuclear transport will be 
identified as those which prevent internuclear transport of the GFP fusion protein when 
deleted. Once the region encoding the transport domain is identified, site-directed 
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mutagenesis will be used to delineate the minimal protein sequence necessary for 
internuclear protein transport. 

Complementary experiments will be performed in which the regions deleted from the 
prelamin A cDNA in the experiments described above will be cloned downstream of GFP 
coding sequences in a plasmid which does not contain any other prelamin A coding 
sequences. The ability of the cloned prelamin A subsequences to direct internuclear transport 
when fused directly to GFP will be assessed by transfecting C2C12 myoblasts with the 
plasmid expression constructs and examining the expression of GFP within the nuclei of 
myotubes. These experiments will confirm the functional role of protein transport 
sequences identified by deletion mapping, and allow for the analysis of peptide sequences 
that may result in protein degradation when deleted from the full-length prelamin A protein. 

The present invention also includes a fusion protein that includes a pre peptide-, 
prelamin A-, or prelamin A inter-nuclear transport domain-containing segment (i.e., an 
amino acid sequence for a pre peptide, a prelamin A protein, or a prelamin A inter-nuclear 
transport domain according to the present invention, including homologues and fragments 
thereof) attached to one or more fusion segments. Suitable fusion segments for use with the 
present invention include, but are not limited to, segments that can: enhance a protein's 
stability; provide other desirable biological activity (e.g., a therapeutic protein/peptide to be 
delivered to a site); and/or assist with the purification of the protein (e.g., by affinity 
chromatography). A suitable fusion segment can be a domain of any size that has the desired 
function (e.g., imparts increased stability, solubility, biological activity; and/or simplifies 
purification of a protein). Fusion segments can be joined to amino and/or carboxyl termini 
of the pre peptide-, prelamin A-, or prelamin A inter-nuclear transport domain-containing 
segment of the protein and can be susceptible to cleavage in order to enable straight-forward 
recovery of the desired protein. Fusion proteins are preferably produced by culturing a 
recombinant cell transfected with a fusion nucleic acid molecule that encodes a protein 
including the fusion segment attached to either the carboxyl and/or amino terminal end of 
a pre peptide-, prelamin A-, or prelamin A inter-nuclear transport domain-containing 
segment. 
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In one aspect, a prelamin A inter-nuclear transport domain is a therapeutic 
composition for promoting myoblast activation and growth or regeneration of cardiac or 
skeletal muscle, comprising an isolated peptide consisting essentially of an isolated fragment 
of SEQ ID NO:4 with inter-nuclear transport domain activity or a biologically active 
homologue thereof. The peptide is fused to a therapeutic protein for promoting myoblast 
activation and growth or regeneration of cardiac or skeletal muscle, or to a drug for use in 
the treatment of heart and skeletal muscle diseases. Fusion to the transport domain will 
likely increase the efficacy of drugs with nuclear functions, and may also increase the 
distribution of drugs that do not have specifically nuclear functions. There are currently no 
treatments for muscular dystrophies, although gene therapy has been proposed using emerin, 
dystrophin and other genes known to be mutated in these diseases. Therefore, fusion of the 
prelamin A transport domain to such genes could enhance these putative therapies. For 
cardiomyopathies, one treatment currently includes the use of "beta blockers" to block the 
beta adrenergic response pathway. However, the exact mechanism of action is not known, 
as there is some evidence that certain beta-blockers (carvedilol) may be efficacious due to 
their antioxidant activity. As beta-blockers are the primary therapy for cardiomyopathies, 
the present invention includes the fusion of the prelamin A transport domain to such drugs. 
The invention intends to encompass the use of any drugs that are used to treat other heart 
diseases, which could benefit from the transport domain. 

In one embodiment of the present invention, any of the amino acid sequences 
described herein can be produced with from at least one, and up to about 20, additional 
heterologous amino acids flanking each of the C- and/or N-terminal ends of the specified 
amino acid sequence (the specified amino acid sequence being, for example, SEQ ID NO:2, 
SEQ ID NO:4, a biologically active fragment thereof or a biologically active homologue 
thereof). The resulting protein or polypeptide can be referred to as "consisting essentiallypf ' 
the specified amino acid sequence. According to the present invention, the heterologous 
amino acids are a sequence of amino acids that are not naturally found (i.e., not found in 
nature, in vivo) flanking the specified amino acid sequence, or that are not related to the 
function of the specified amino acid sequence, or that would not be encoded by the 
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nucleotides that flank the naturally occurring nucleic acid sequence encoding the specified 
amino acid sequence as it occurs in the gene, if such nucleotides in the naturally occurring 
sequence were translated using standard codon usage for the organism from which the given 
amino acid sequence is derived. Similarly, the phrase "consisting essentially of, when used 
with reference to a nucleic acid sequence herein, refers to a nucleic acid sequence encoding 
a specified amino acid sequence that can be flanked by from at least one, and up to as many 
as about 60, additional heterologous nucleotides at each of the 5' and/or the 3' end of the 
nucleic acid sequence encoding the specified amino acid sequence. The heterologous 
nucleotides are not naturally found (i.e., not found in nature, in vivo) flanking the nucleic 
acid sequence encoding the specified amino acid sequence as it occurs in the natural gene or 
do not encode a protein that imparts an additional function to the protein or changes the 
function of the protein having the specified amino acid sequence. 

Another embodiment of the present invention relates to a composition comprising at 
least about 500 ng, and preferably at least about 1 jxg, and more preferably at least about 5 
|ig, and more preferably at least about 10 (ig, and more preferably at least about 25 |ig, and 
more preferably at least about 50 |ig, and more preferably at least about 75 ng, and more 
preferably at least about 100 |ig, and more preferably at least about 250 (ig, and more 
preferably at least about 500 |ig, and more preferably at least about 750 |ig, and more 
preferably at least about 1 mg, and more preferably at least about 5 mg, of an isolated pre 
peptide or a prelamin A protein comprising any of the proteins, fragments thereof or 
homologues thereof discussed herein (including, for example, a fragment having the 
prelamin A inter-nuclear transport domain biological activity). Such a composition of the 
present invention can include any carrier with which the protein is associated by virtue of the 
protein preparation method, a protein purification method, or a preparation of the protein for 
use in an in vitro, ex vivo, or in vivo method according to the present invention. For example, 
such a carrier can include any suitable excipient, buffer and/or delivery vehicle, such as a 
pharmaceutical ly acceptable carrier (discussed below), which is suitable for combining with 
the protein so that the protein can be used in vitro, ex vivo or in vivo according to the present 
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invention. Compositions of the invention, including therapeutic compositions, are discussed 
in detail below. 

Another embodiment of the invention relates to a processing deficient prelamin A 
peptide, wherein the processing deficient prelamin A peptide consists essentially of an amino 
acid sequence that differs from SEQ ID NO:4 (or a functional allelic variant thereof) by at 
least one substitution, deletion or insertion that results in a decrease in a prelamin A or 
prelamin A pre peptide biological activity. Such activity can include, but is not limited to: 
(a) prelamin A processing to release a prelamin A pre peptide (e.g., SEQ ID NO:2 or a 
biologically active homologue thereof); (b) prelamin A pre peptide signal transduction; (c) 
synchronization of intercellular signaling with changes in lamin A localization and nuclear 
lamina morphology that occur early in myoblast differentiation; (d) synchronization of 
transcriptional regulation of muscle-specific genes or cell cycle arrest that occurs 
concomitant with myoblast differentiation; (e) formation of normal nuclear lamina structure; 
and (f) induction of myoblast activation and differentiation. In one embodiment, the 
processing deficient prelamin A peptide consists essentially of an amino acid sequence that 
differs from SEQ ID NO:4 by a substitution of an amino acid residue in SEQ ID NO:4 
selected from the group of: any amino acid that is rarely (e.g., less than 20% of the time) 
substituted across species, or Arg60, Leu85, Glu203, Arg89, Asnl95, Arg377, Tyr646, 
G649, N650, P653, R654, P658, Q659, N660, Cys661, S662, 1663 and/or M664. In another 
embodiment, the substitution is selected from the group of: Arg60Gly, Lue85Arg, 
Glu203Gly, Arg89Leu, Asnl9Lys, and Arg377His. Also encompassed by the invention are 
isolated cells transfected with any of the processing deficient prelamin A proteins described 
herein. 

Further embodiments of the present invention include nucleic acid molecules that 
encode any of the above-identified proteins, including a homologue or fragment thereof. In 
one embodiment, a nucleic acid molecule encoding pre peptide includes the nucleic acid 
sequence represented by SEQ ID NO:l, fragments thereof, or nucleic acid molecules 
encoding homologues of SEQ ID NO:2 as described herein. Nucleic acid molecules 
encoding prelamin A include the nucleic acid sequence represented by SEQ ID NO:3, 
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fragments thereof, or nucleic acid molecules encoding homologues of SEQ ID NO:4 as 
described herein. In accordance with the present invention, an isolated polynucleotide, or 
an isolated nucleic acid molecule, is a nucleic acid molecule that has been removed from its 
natural milieu (i.e., that has been subject to human manipulation), its natural milieu being 
the genome or chromosome in which the nucleic acid molecule is found in nature. As such, 
"isolated" does not necessarily reflect the extent to which the nucleic acid molecule has been 
purified, but indicates that the molecule does not include an entire genome or an entire 
chromosome in which the nucleic acid molecule is found in nature. An isolated nucleic acid 
molecule can include a gene or a portion of a gene (e.g., the regulatory region or promoter). 
An isolated nucleic acid molecule that includes a gene is not a fragment of a chromosome 
that includes such gene, but rather includes the coding region and regulatory regions 
associated with the gene, but no additional genes naturally found on the same chromosome. 
An isolated nucleic acid molecule can also include a specified nucleic acid sequence flanked 
by (i.e., at the 5' and/or the 3' end of the sequence) additional nucleic acids that do not 
normally flank the specified nucleic acid sequence in nature (i.e., heterologous sequences). 
Isolated nucleic acid molecule can include DNA, RNA (e.g., mRNA), or derivatives of either 
DNA or RNA (e.g., cDNA). Although the phrase "nucleic acid molecule" primarily refers 
to the physical nucleic acid molecule and the phrase "nucleic acid sequence" primarily refers 
to the sequence of nucleotides on the nucleic acid molecule, the two phrases can be used 
interchangeably, especially with respect to a nucleic acid molecule, or a nucleic acid 
sequence, being capable of encoding a protein. Preferably, an isolated nucleic acid molecule 
of the present invention is produced using recombinant DNA technology (e.g., polymerase 
chain reaction (PCR) amplification, cloning) or chemical synthesis. 

Isolated nucleic acid molecules include natural nucleic acid molecules and 
homologues thereof, including, but not limited to modified (mutated) nucleic acid molecules 
in which, as compared to the natural or wild-type sequence, nucleotides have been inserted, 
deleted, substituted, and/or inverted in such a manner that such modifications (mutations) 
result in a nucleic acid sequence that encodes a desired homologue of a protein as described 
herein. A nucleic acid molecule homologue (e.g., a nucleic acid molecule encoding a protein 
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homologue of the present invention) can be produced using a number of methods known to 
those skilled in the art (see, for example, Sambrook et al., Molecular Cloning: A Laboratory 
Manual, Cold Spring Harbor Labs Press, 1989). For example, wild-type nucleic acid 
molecules can be modified or nucleic acid molecules encoding modified proteins can be 
created using a variety of techniques including, but not limited to, classic mutagenesis 
techniques and recombinant DNA techniques, such as site-directed mutagenesis, chemical 
treatment of a nucleic acid molecule to induce mutations, restriction enzyme cleavage of a 
nucleic acid fragment, ligation of nucleic acid fragments, PCR amplification and/or 
mutagenesis of selected regions of a nucleic acid sequence, synthesis of oligonucleotide 
mixtures and ligation of mixture groups to "build" a mixture of nucleic acid molecules and 
combinations thereof. Nucleic acid molecule homologues can be selected from a mixture 
of modified nucleic acids, for example, by screening for the function of the protein encoded 
by the nucleic acid and/or by hybridization with a wild-type gene. 

The minimum size of a nucleic acid molecule of the present invention is a size 
sufficient to form a probe or oligonucleotide primer that is capable of forming a stable hybrid 
(e.g., under moderate, high or very high stringency conditions, discussed in detail above) 
with the complementary sequence of a nucleic acid molecule useful in the present invention, 
or of a size sufficient to encode an amino acid sequence for a protein of the invention. The 
nucleic acid molecule may also include regulatory regions, linker sequences, vector sequence 
or other sequence as necessary to provide a nucleic acid molecule according to the present 
invention. The minimal size of a nucleic acid molecule that is used as an oligonucleotide 
primer or as a probe is typically at least about 12 to about 15 nucleotides in length if the 
nucleic acid molecules are GC-rich and at least about 15 to about 1 8 bases in length if they 
are AT-rich. An oligonucleotide preferably ranges from about 5 to about 50 or about 500 
nucleotides, including any size between about 5 and about 500 in whole integers (i.e., 5, 6, 
7, 8, 9,.. .34, 35, 36,.. .200, 201, 202,.. .500), and more preferably from about 10 to about 40 
nucleotides, and most preferably from about 15 to about 40 nucleotides in length. There is 
no limit, other than a practical limit, on the maximal size of a nucleic acid molecule of the 
present invention, in that the nucleic acid molecule can include a sequence sufficient to 
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encode the proteins of the invention and since the size of the nucleic acid molecule encoding 
such proteins can be dependent on nucleic acid composition and whether regulatory regions 
and/or other sequence are included (e.g., linkers, vector sequence, etc.). 

Particularly preferred nucleic acid molecules according to the present invention 
include nucleic acid molecules comprising, consisting essentially of, or consisting of, nucleic 
acid sequences encoding any of the above-described amino acid sequences, including 
homologues thereof. In one embodiment, such a nucleic acid sequence includes an a nucleic 
acid sequence that is at least about 55% identical, or at least about 60% identical, or at least 
about 65% identical, or at least about 70% identical, or at least about 75% identical, or at 
least about 80% identical, or at least about 85% identical, or at least about 90% identical, or 
at least about 95% identical, or at least about 96% identical, or at least about 97% identical, 
or at least about 98% identical, or at least about 99% identical to SEQ ID NO: 1 or SEQ ID 
NO:3, or to any of the other nucleic acid sequences described herein, over the full length of 
any of such sequences. Particularly preferred nucleic acid sequences include, but are not 
limited to, SEQ ID NO: 1 , SEQ ID NO:3, or fragments of such sequences, including a nucleic 
acid sequence encoding an isolated fragment of SEQ ID NO:4 with inter-nuclear transport 
domain biological activity or a biologically active homologue thereof. Additionally, 
fragments and other homologues of such sequences corresponding to the encoded amino acid 
sequences described above are also included. In one embodiment, the nucleic acid molecule 
does not encode a protein with biological activity, but is an oligonucleotide probe or primer 
(described previously herein). 

One embodiment of the present invention relates to a recombinant nucleic acid 
molecule which comprises any of the isolated nucleic acid molecules described above which 
is operatively linked to at least one transcription control sequence. More particularly, 
according to the present invention, a recombinant nucleic acid molecule typically comprises 
a recombinant vector and an isolated nucleic acid molecule as described herein. According 
to the present invention, a recombinant vector is an engineered (i.e., artificially produced) 
nucleic acid molecule that is used as a tool for manipulating a nucleic acid sequence of 
choice and/or for introducing such a nucleic acid sequence into a host cell. The recombinant 
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vector is therefore suitable for use in cloning, sequencing, and/or otherwise manipulating the 
nucleic acid sequence of choice, such as by expressing and/or delivering the nucleic acid 
sequence of choice into a host cell to form a recombinant cell. Such a vector typically 
contains heterologous nucleic acid sequences, that is, nucleic acid sequences that are not 
naturally found adjacent to nucleic acid sequence to be cloned or delivered, although the 
vector can also contain regulatory nucleic acid sequences (e.g., promoters, untranslated 
regions) which are naturally found adjacent to nucleic acid sequences of the present invention 
or which are useful for expression of the nucleic acid molecules of the present invention 
(discussed in detail below). The vector can be either RNA or DNA, either prokaryotic or 
eukaryotic, and typically is a plasmid. The vector can be maintained as an extrachromosomal 
element (e.g., a plasmid) or it can be integrated into the chromosome of a recombinant host 
cell. The entire vector can remain in place within a host cell, or under certain conditions, the 
plasmid DNA can be deleted, leaving behind the nucleic acid molecule of the present 
invention. An integrated nucleic acid molecule can be under chromosomal promoter control, 
under native or plasmid promoter control, or under a combination of several promoter 
controls. Single or multiple copies of the nucleic acid molecule can be integrated into the 
chromosome. A recombinant vector of the present invention can contain at least one 
selectable marker. 

In one embodiment, a recombinant vector used in a recombinant nucleic acid 
molecule of the present invention is an expression vector. As used herein, the phrase 
"expression vector" is used to refer to a vector that is suitable for production of an encoded 
product (e.g., a protein of interest). In this embodiment, a nucleic acid sequence encoding 
the product to be produced (e.g., a prelamin A pre peptide) is inserted into the recombinant 
vector to produce a recombinant nucleic acid molecule. The nucleic acid sequence encoding 
the protein to be produced is inserted into the vector in a manner that operatively links the 
nucleic acid sequence to regulatory sequences in the vector which enable the transcription 
and translation of the nucleic acid sequence within the recombinant host cell. 

Typically, a recombinant nucleic acid molecule includes at least one nucleic acid 
molecule of the present invention operatively linked to one or more expression control 
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sequences. As used herein, the phrase "recombinant molecule" or "recombinant nucleic acid 
molecule" primarily refers to a nucleic acid molecule or nucleic acid sequence operatively 
linked to an expression control sequence, but can be used interchangeably with the phrase 
"nucleic acid molecule", when such nucleic acid molecule is a recombinant molecule as 
discussed herein. According to the present invention, the phrase "operatively linked" refers 
to linking a nucleic acid molecule to an expression control sequence (e.g., a transcription 
control sequence and/or a translation control sequence) in a manner such that the molecule 
is able to be expressed when transfected (i.e., transformed, transduced, transfected, 
conjugated or conduced) into a host cell. Transcription control sequences are sequences 
which control the initiation, elongation, or termination of transcription. Particularly 
important transcription control sequences are those which control transcription initiation, 
such as promoter, enhancer, operator and repressor sequences. Suitable transcription control 
sequences include any transcription control sequence that can function in a host cell or 
organism into which the recombinant nucleic acid molecule is to be introduced. 

Preferred promoters to use in a recombinant nucleic acid molecule according to the 
invention include any promoter which can function in the cardiac or skeletal muscle tissue. 
Such promoters include, but are not limited to, a cardiac-specific promoter, a muscle-specific 
promoter, and a prelamin A promoter. In one aspect, the promoter is a myosin heavy chain 
promoter. 

Recombinant nucleic acid molecules of the present invention can also contain 
additional expression control and other regulatory sequences, such as translation regulatory 
sequences, origins of replication, and other regulatory sequences that are compatible with the 
recombinant cell. In one embodiment, a recombinant molecule of the present invention, 
including those which are integrated into the host cell chromosome, also contains secretory 
signals (i.e., signal segment nucleic acid sequences) to enable an expressed protein to be 
secreted from the cell that produces the protein. Suitable signal segments include a signal 
segment that is naturally associated with the protein to be expressed or any heterologous 
signal segment capable of directing the secretion of the protein according to the present 
invention. In another embodiment, a recombinant molecule of the present invention 
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comprises a leader sequence to enable an expressed protein to be delivered to and inserted 
into a membrane of a host cell. Suitable leader sequences include a leader sequence that is 
naturally associated with the protein, or any heterologous leader sequence capable of 
directing the delivery and insertion of the protein to a membrane of a cell. 

According to the present invention, the term "transfection" is used to refer to any 
method by which an exogenous nucleic acid molecule (i.e., a recombinant nucleic acid 
molecule) can be inserted into a cell. The term "transformation" can be used interchangeably 
with the term "transfection" when such term is used to refer to the introduction of nucleic 
acid molecules into microbial cells. In microbial systems, the term "transformation" is used 
to describe an inherited change due to the acquisition of exogenous nucleic acids by the 
microorganism and is essentially synonymous with the term "transfection." However, in 
animal cells, transformation has acquired a second meaning which can refer to changes in 
the growth properties of cells in culture (described above) after they become cancerous, for 
example. Therefore, to avoid confusion, the term "transfection" is preferably used with 
regard to the introduction of exogenous nucleic acids into animal cells, and is used herein to 
generally encompass transfection of animal cells and transformation of microbial cells, to the 
extent that the terms pertain to the introduction of exogenous nucleic acids into a cell. 
Therefore, transfection techniques include, but are not limited to, transformation, particle 
bombardment, diffusion, active transport, bath sonication, electroporation, microinjection, 
lipofection, adsorption, infection and protoplast fusion. 

One or more recombinant molecules of the present invention can be used to produce 
an encoded product (e.g., a prelamin A protein or a prelamin A pre peptide) of the present 
invention. In one embodiment, an encoded product is produced by expressing a nucleic acid 
molecule as described herein under conditions effective to produce the protein. A preferred 
method to produce an encoded protein is by transfecting a host cell with one or more 
recombinant molecules to form a recombinant cell. Suitable host cells to transfect include, 
but are not limited to, any bacterial, fungal (e.g., yeast), insect, plant or animal cell that can 
be transfected. Host cells can be either untransfected cells or cells that are already 
transfected with at least one other recombinant nucleic acid molecule. 
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In one embodiment, one or more protein(s) expressed by an isolated nucleic acid 
molecule of the present invention are produced by culturing a cell that expresses the protein 
(i.e., a recombinant cell or recombinant host cell) under conditions effective to produce the 
protein. In some instances, the protein may be recovered, and in others, the cell may be 
harvested in whole (e.g., for ex vivo administration), either of which can be used in a 
composition. In some instances, the protein may be expressed in a host cell in vivo (e.g., via 
gene therapy). A preferred cell to culture is any suitable host cell as described above. 
Effective in vitro or ex vivo culture conditions include, but are not limited to, effective media, 
bioreactor, temperature, pH and oxygen conditions that permit protein production and/or 
recombination. An effective medium refers to any medium in which a given host cell is 
typically cultured. Such medium typically comprises an aqueous medium having assimilable 
carbon, nitrogen and phosphate sources, and appropriate salts, minerals, metals and other 
nutrients, such as vitamins. Cells can be cultured in conventional fermentation bioreactors, 
shake flasks, test tubes, microtiter dishes, and petri plates. Culturing can be carried out at 
a temperature, pH and oxygen content appropriate for a recombinant cell. Such culturing 
conditions are within the expertise of one of ordinary skill in the art. 

Depending on the vector and host system used for production, resultant proteins of 
the present invention may either remain within the recombinant cell; be secreted into the 
culture medium; be secreted into a space between two cellular membranes; or be retained on 
the outer surface of a cell membrane. The phrase "recovering the protein" refers to collecting 
the whole culture medium containing the protein and need not imply additional steps of 
separation or purification. Proteins produced according to the present invention can be 
purified using a variety of standard protein purification techniques, such as, but not limited 
to, affinity chromatography, ion exchange chromatography, filtration, electrophoresis, 
hydrophobic interaction chromatography, gel filtration chromatography, reverse phase 
chromatography, concanavalin A chromatography, chromatofocusing and differential 
solubilization. 

Proteins produced according to the present invention are preferably retrieved in 
"substantially pure" form. As used herein, "substantially pure" refers to a purity that allows 
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for the effective use of the protein in vitro, ex vivo or in vivo according to the present 
invention. For a protein to be useful in an in vitro, ex vivo or in vivo method according to the 
present invention, it is typically substantially free of contaminants, other proteins and/or 
chemicals that might interfere or that would interfere with its use in a method disclosed by 
the present invention, or that at least would be undesirable for inclusion with the protein 
(including homologues) when it is used in a method disclosed by the present invention, 
assays, preparation of therapeutic compositions, administration in a therapeutic composition, 
and all other methods disclosed herein. Preferably, a "substantially pure" protein, as 
referenced herein, is a protein that can be produced by any method (i.e., by direct purification 
from a natural source, recombinantly , or synthetically), and that has been purified from other 
protein components such that the protein comprises at least about 80% weight/weight of the 
total protein in a given composition (e.g., a prelamin A protein is about 80% of the total 
protein in a solution/composition/buffer), and more preferably, at least about 85%, and more 
preferably at least about 90%, and more preferably at least about 91%, and more preferably 
at least about 92%, and more preferably at least about 93%, and more preferably at least 
about 94%, and more preferably at least about 95%, and more preferably at least about 96%, 
and more preferably at least about 97%, and more preferably at least about 98%, and more 
preferably at least about 99%, weight/weight of the total protein in a given composition. 

It will be appreciated by one skilled in the art that use of recombinant DNA 
technologies can improve control of expression of transfected nucleic acid molecules by 
manipulating, for example, the number of copies of the nucleic acid molecules within the 
host cell, the efficiency with which those nucleic acid molecules are transcribed, the 
efficiency with which the resultant transcripts are translated, and the efficiency of post- 
translational modifications. Additionally, the promoter sequence might be genetically 
engineered to improve the level of expression as compared to the native promoter. 
Recombinant techniques useful for controlling the expression of nucleic acid molecules 
include, but are not limited to, integration of the nucleic acid molecules into one or more host 
cell chromosomes, addition of vector stability sequences to plasmids, substitutions or 
modifications of transcription control signals (e.g., promoters, operators, enhancers), 
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substitutions or modifications of translational control signals (e.g., ribosome binding sites, 
Shine-Dalgarno sequences), modification of nucleic acid molecules to correspond to the 
codon usage of the host cell, and deletion of sequences that destabilize transcripts. 

In one embodiment of the invention, the recombinant nucleic acid molecule 
comprises a viral vector. A viral vector includes an isolated nucleic acid molecule of the 
present invention integrated into a viral genome or portion thereof, in which the nucleic acid 
molecule is packaged in a viral coat that allows entrance of DNA into a cell. A number of 
viral vectors can be used, including, but not limited to, those based on alphaviruses, 
poxviruses, adenoviruses, herpesviruses, lentiviruses, adeno-associated viruses and 
retroviruses. 

The isolated nucleic acid molecules of the present invention, as well as the proteins 
produced by such molecules are all useful in various compositions of the invention. For 
example, in one embodiment, the isolated nucleic acid molecule (preferably as part of a 
recombinant nucleic acid molecule) is useful as for gene therapy, wherein administration of 
the nucleic acid molecule to an animal results in transfection of host cells of the animal with 
the molecule and expression of the protein(s) expressed by the molecule. As discussed 
above, nucleic acids encoding the prelamin A pre peptide or prelamin A are excellent 
candidates for gene therapy of cardiac and skeletal muscle disorders and degeneration. The 
present inventor's data shows that prelamin A is rapidly transferred between the multiple 
nuclei within a myocyte, and affects the morphology and organization of the transfected 
myocytes as well as that of adjacent untransfected myocytes. In another embodiment, the 
isolated nucleic acid molecule is used to produce the encoded protein(s) in vitro, which can 
then be used in a therapeutic composition. In yet another embodiment, the isolated nucleic 
acid molecule can be used to transfect cells ex vivo and then the cells are returned to the 
patient from which they were removed. 

In one embodiment of the present invention, a therapeutic composition (comprising 
a nucleic acid or a protein) comprises a pharmaceutically acceptable carrier, which includes 
pharmaceutical ly acceptable excipients and/or delivery vehicles, for delivering the 
recombinant nucleic acid molecule or the proteins to a patient. As used herein, a 
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pharmaceutically acceptable carrier refers to any substance or vehicle suitable for delivering 
a therapeutic composition useful in a therapeutic method of the present invention (described 
below) to a suitable in vivo or ex vivo site. When a nucleic acid molecule is in the 
composition, preferred pharmaceutically acceptable carriers are capable of maintaining the 
nucleic acid molecule in a form that, upon arrival of the nucleic acid molecule to a target cell 
or tissue, the nucleic acid molecule is capable of entering the cell and being expressed by the 
cell, whereby the expressed protein can perform one or more biological activities of the 
protein as described previously herein. When the composition comprises a protein, preferred 
pharmaceutically acceptable carriers are capable of maintaining the protein composition in 
a form that, upon arrival of the protein composition to a target cell or tissue, the proteins are 
capable of performing one or more biological functions of the protein as discussed above at 
the cell or tissue site. 

A pharmaceutically acceptable carrier can include a pharmaceutically acceptable 
excipient. Suitable excipients of the present invention include excipients or formularies 
useful in a therapeutic composition. Examples of pharmaceutically acceptable excipients 
include, but are not limited to water, phosphate buffered saline, Ringer's solution, dextrose 
solution, serum-containing solutions, Hank's solution, other aqueous physiologically 
balanced solutions, oils, esters and glycols. Aqueous carriers can contain suitable auxiliary 
substances required to approximate the physiological conditions of the recipient, for 
example, by enhancing chemical stability and isotonicity. 

Suitable pharmaceutically acceptable carriers for nucleic acids include, but are not 
limited to liposomes or other lipid-containing vehicles, viral vectors, ribozymes, gold 
particles, poly-L-lysine/DNA-molecular conjugates, and artificial chromosomes. Natural 
lipid-containing delivery vehicles include cells and cellular membranes. Artificial lipid- 
containing delivery vehicles include liposomes and micelles. A delivery vehicle can be 
modified to target to a particular site in a patient, thereby targeting and making use of a 
nucleic acid molecule at that site. Suitable modifications include manipulating the chemical 
formula of the lipid portion of the delivery vehicle and/or introducing into the vehicle a 
targeting agent (e.g., an antibody or peptide) capable of specifically targeting a delivery 
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vehicle to a preferred site, for example, a preferred cell type. It is noted, however, that 
prelamin A and the prelamin A pre peptide are specific for cardiac and skeletal muscle tissue 
and therefore inherently will "target" the appropriate tissue and cell types. Therefore, the 
present invention is particularly advantageous in that while targeting moieties can be used, 
they are likely not necessary to administer these proteins or peptides (or nucleic acids 
encoding them) in vivo. 

A liposome delivery vehicle comprises a lipid composition that is capable of 
delivering a nucleic acid molecule of the present invention, including naked DNA, plasmids 
and viral vectors, to a suitable cell and/or tissue in a patient. A liposome delivery vehicle 
comprises a lipid composition that is capable of fusing with the plasma membrane of the 
target cell to deliver the recombinant nucleic acid molecule into a cell. As discussed above, 
liposome delivery vehicles can be modified to target a particular site in a patient (i.e., a 
targeting liposome), thereby targeting and making use of a nucleic acid molecule of the 
present invention at that site. Suitable modifications include manipulating the chemical 
formula of the lipid portion of the delivery vehicle. Manipulating the chemical formula of 
the lipid portion of the delivery vehicle can elicit the extracellular or intracellular targeting 
of the delivery vehicle. For example, a chemical can be added to the lipid formula of a 
liposome that alters the charge of the lipid bilayer of the liposome so that the liposome fuses 
with particular cells having particular charge characteristics. Other targeting mechanisms 
include targeting a site by addition of exogenous targeting molecules (i.e., targeting agents) 
to a liposome (e.g., antibodies, soluble receptors or ligands). Targeting liposomes are 
described, for example, in Ho etal., 1986, Biochemistry 25: 5500-6; Ho etal., 1987a, J Biol 
Chem 262: 13979-84; Ho et al., 1987b, J Biol Chem 262: 13973-8; and U.S. Patent No. 
4,957,735 to Huang et al., each of which is incorporated herein by reference in its entirety). 

Suitable pharmaceutical ly acceptable carriers for protein compositions include, but 
are not limited to, liquid injectables or solids which can be taken up in a suitable liquid as 
a suspension or solution for injection, liquids that can be aerosolized, capsules, tablets, or 
liposomes. In a non-liquid formulation, the excipient can comprise, for example, dextrose, 
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human serum albumin, and/or preservatives to which sterile water or saline can be added 
prior to administration. 

One type of pharmaceutical ly acceptable carrier includes a controlled release 
formulation that is capable of slowly releasing a composition of the present invention into 
an animal. As used herein, a controlled release formulation comprises recombinant nucleic 
acid molecule or protein composition of the present invention in a controlled release vehicle. 
Suitable controlled release vehicles include, but are not limited to, biocompatible polymers, 
other polymeric matrices, capsules, microcapsules, microparticles, bolus preparations, 
osmotic pumps, diffusion devices, liposomes, lipospheres, and transdermal delivery systems. 

Proteins, nucleic acids and compositions of the invention are useful in a variety of 
methods, including assays for the identification of compounds (including genes and 
proteins), as well as a variety of therapeutic methods. In one embodiment, the present 
invention includes methods which use nucleic acid sequences encoding prelamin A protein, 
prelamin A pre peptide, homologues and fragments thereof, and/or isolated cells that express 
such proteins, peptides and homologues (including recombinant cells and naturally occurring 
cells) as therapeutic reagents, screening tools and/or diagnostic tools. 

Accordingly, embodiments of the present invention relate to: (1 ) a method to promote 
myoblast activation and regeneration of damaged, degenerated or atrophied cardiac and 
skeletal myocytes; (2) a method to stimulate cardiac or skeletal muscle growth in a mammal; 
and (3) a method to treat cardiac and skeletal muscle disorders. Each of these methods 
includes the step of administering to a patient that has a cardiac or skeletal muscle disorder, 
an agent selected from: (a) a prelamin A protein, prelamin A pre peptide, prelamin A 
internuclear transport fragment (e.g., fused to a therapeutic agent), or a fragment or 
homologue thereof as described previously herein; (b) a nucleic acid molecule encoding any 
of such proteins, peptides, fragments, or homologues as in (a); (c) a composition comprising 
any of such proteins, peptides, fragments, or nucleic acids of (a) or (b). The first method is 
useful for generally promoting myoblast activation and/or regeneration of damaged, 
degenerated or atrophied cardiac or skeletal myocytes, whether or not the patient is suffering 
from a disorder that involves these cells. The second method is useful to promote the growth 
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of cardiac or skeletal muscle tissue, for example in the absence of any damage, disorder or 
atrophy, as may be desirable in athletes or astronauts. The third method is useful for treating 
cardiac and skeletal muscle disorders, including, but not limited to: dilated cardiomyopathy, 
Emery-Dreifuss muscular dystrophy, limb-girdle muscular dystrophy, partial lipodystrophy, 
axonal neuropathy, and mandibuloacral dysplasia. Another embodiment of the invention 
(discussed in detail below), comprises inhibiting prelamin A processing and particularly, 
prelamin A farnesylation, for the treatment of muscle cell cancers or metastatic cancers 
thereof. 

Unique features of the prelamin A "pre" peptide described in detail herein are that it 
is a naturally occurring, small, biologically active signaling peptide. It would be easy to 
synthesize in a host cell, and particularly, in yeast, since yeast contain all of the necessary 
processing enzymes. In addition, the peptide would inherently be cardiac- and skeletal 
muscle-specific in its effects, and it would have no toxicity. The peptide would affect 
myocyte fusion in adults, as all human and mouse phenotypes are adult onset. Furthermore, 
the peptide exerts its effect on C2C 1 2 and H9C2 cells, which share features with the satellite 
cells involved in adult skeletal muscle repair. By analogy to yeast a-type mating pheromone, 
the pre sequence of pre-lamin A is an early signaling molecule in myocyte differentiation, 
indicating that it would be a highly potent and efficacious treatment. Moreover, the use of 
prelamin A as a gene therapy shares these advantages and additionally, the present inventor 
has shown that this protein is rapidly transferred between nuclei within the myocyte, 
increasing its efficacy. Finally, the use of the inter-nuclear transport domain as a targeting 
moiety for other pharmaceuticals would increase their efficacy without introducing toxicity. 

According to the present invention, the phrase "protected from a disease" refers to 
reducing the symptoms of the disease; reducing the occurrence of the disease, and/or 
reducing the severity of the disease. Protecting a patient can refer to the ability of a 
therapeutic composition of the present invention, when administered to a patient, to prevent 
a disease from occurring and/or to cure or to alleviate disease symptoms, signs or causes. 
As such, to protect a patient from a disease includes both preventing disease occurrence 
(prophylactic treatment) and treating a patient that has a disease or that is experiencing initial 
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symptoms or later stage symptoms of a disease (therapeutic treatment). In particular, 
protecting a patient from a cardiac or skeletal muscle disease is accomplished according to 
the present invention by increasing: prelamin A processing, myoblast activation (including 
myoblast cell fusion and differentiation), prelamin A pre peptide signal transduction, and/or 
proper lamina formation. Protecting a patient from a muscle cell cancer or metastatic cancer 
thereof is accomplished by: reducing or preventing the prelamin A processing or at least the 
farnesylation of muscle cell tumors, and/or causing muscle cell tumor degeneration or cell 
death. The term, "disease" refers to any deviation from the normal health of a patient and 
includes a state when disease symptoms are present, as well as conditions in which a 
deviation (e.g., infection, gene mutation, genetic defect, etc.) has occurred, but symptoms are 
not yet manifested. 

According to the present invention, an effective administration protocol (i.e., 
administering a therapeutic composition in an effective manner) comprises suitable dose 
parameters and modes of administration that result in an increase in any one or more of the 
biological activities associated with prelamin A or the prelamin A pre peptide as described 
above. Preferably, the patient is protected from the disease (e.g., by disease prevention or 
by alleviating one or more symptoms of ongoing disease). Effective dose parameters can be 
determined using methods standard in the art for a particular disease or condition. As 
mentioned above, in some circumstances, the patient may not have disease, but rather muscle 
atrophy, some muscle cell damage, or perhaps no disease or condition at all (e.g., in the case 
of an athlete). Effective dose parameters can be determined by those of skill in the art 
depending on the desired effect (e.g., stimulation of growth of healthy cardiac or skeletal 
muscle tissue, repair or regeneration of damaged tissue, etc.). Such parameters include, for 
example, determination of survival rates, side effects (i.e., toxicity), progression or regression 
of disease, or progress in tissue growth. In particular, the effectiveness of dose parameters 
of a therapeutic composition of the present invention when treating cancer can be determined 
by assessing response rates. Such response rates refer to the percentage of treated patients 
in a population of patients that respond with either partial or complete remission. Remission 
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can be determined by, for example, measuring tumor size or microscopic examination for the 
presence of cancer cells in a tissue sample. 

In accordance with the present invention, a suitable single dose size is a dose that 
results in regulation of the prelamin A processing pathway and associated biological 
activities and effects in a patient when administered one or more times over a suitable time 
period. Doses can vary depending upon the disease being treated. For example, in the 
treatment of cancer, a suitable single dose can be dependent upon whether the cancer being 
treated is a primary tumor or a metastatic form of cancer. One of skill in the art can readily 
determine appropriate single dose sizes for a given patient based on the size of a patient and 
the route of administration. One of skill in the art can monitor the effectiveness of a 
treatment to repair damaged cardiac or skeletal muscle tissue by measuring, for example, cell 
morphology, physiological indicators of healthy cardiac and skeletal muscle tissue, 
physiological indicators of damaged cardiac and skeletal muscle tissue (e.g., creatine kinase), 
and include tests such as EKG, echocardiography, catheterization, heart biopsy, MRI, motion 
and strength tests, and muscle biopsies. 

In one aspect of the invention, a suitable single dose of a therapeutic composition of 
the present invention is an amount that, when administered by any route of administration, 
increases at least one aspect of the prelamin A processing pathway or downstream effects 
(described previously), as compared to a patient which has not been administered with the 
therapeutic composition of the present invention (i.e., a control patient), as compared to the 
patient prior to administration of the composition, or as compared to a standard established 
for the particular disease, patient type and composition. In the case of cancer, a suitable 
single dose is an amount that decreases at least one symptom of the cancer, as compared to 
the same controls. Preferably, a suitable single dose of a therapeutic composition against a 
tumor is an amount that is sufficient to reduce, stop the growth of, and preferably eliminate, 
the tumor following administration of the composition into the tissue of the patient that has 
cancer. 

It will be obvious to one of skill in the art that the number of doses administered to 
a patient is dependent upon the extent of the disease or condition or the desired result, as well 
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as the response of an individual patient to the treatment. For example, a large tumor may 
require more doses than a smaller tumor. A patient with diseased cardiac or skeletal muscle 
tissue may require more doses than a healthy athlete who desires increased muscle cell 
growth. In some cases, however, one patient may require fewer doses than another patient 
having the same condition, if first patient responds more favorably to the therapeutic 
composition than the other patient. Thus, it is within the scope of the present invention that 
a suitable number of doses includes any number required to treat a given disease or to 
achieve a desired effect. 

As discussed above, a therapeutic composition of the present invention is 
administered to a patient in a manner effective to deliver the composition to a cell, a tissue, 
and/or systemically to the patient, whereby regulation of the prelamin A processing pathway 
and downstream biological activities is achieved as a result of the administration of the 
composition. Suitable administration protocols include any in vivo or ex vivo administration 
protocol. The preferred routes of administration will be apparent to those of skill in the art, 
depending on the type of condition to be prevented or treated; whether the composition is 
nucleic acid based, protein based, or cell based; and/or the target cell/tissue. For proteins or 
nucleic acid molecules, preferred methods of in vivo administration include, but are not 
limited to, intravenous administration, intraperitoneal administration, intramuscular 
administration, intranodal administration, intracoronary administration, intraarterial 
administration (e.g., into a carotid artery), subcutaneous administration, transdermal delivery, 
intratracheal administration, subcutaneous administration, intraarticular administration, 
intraventricular administration, inhalation (e.g., aerosol), intracranial, intraspinal, intraocular, 
intranasal, oral, bronchial, rectal, topical, vaginal, urethral, pulmonary administration, 
impregnation of a catheter, and direct injection into a tissue. Combinations of routes of 
delivery can be used and in some instances, may enhance the therapeutic effects of the 
composition. 

Ex vivo administration refers to performing part of the regulatory step outside of the 
patient, such as administering a composition (nucleic acid or protein) of the present invention 
to a population of cells removed from a patient under conditions such that the composition 
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contacts and/or enters the cell, and returning the cells to the patient. Ex vivo methods are 
particularly suitable when the target cell can easily be removed from and returned to the 
patient. 

Many of the above-described routes of in vivo administration, including intravenous, 
intraperitoneal, intradermal, and intramuscular administrations can be performed using 
methods standard in the art. Aerosol (inhalation) delivery can also be performed using 
methods standard in the art (see, for example, Stribling et al., Proc. Natl. Acad Sci. USA 
189:11277-11281, 1992, which is incorporated herein by reference in its entirety). Oral 
delivery can be performed by complexing a therapeutic composition of the present invention 
to a carrier capable of withstanding degradation by digestive enzymes in the gut of an animal. 
Examples of such carriers, include plastic capsules or tablets, such as those known in the art. 

One method of local administration is by direct injection. Direct injection techniques 
are particularly useful for administering a composition to a cell or tissue that is accessible by 
surgery, and particularly, on or near the surface of the body. Administration of a composition 
locally within the area of a target cell refers to injecting the composition centimeters and 
preferably, millimeters from the target cell or tissue. 

Various methods of administration and delivery vehicles disclosed herein have been 
shown to be effective for delivery of a nucleic acid molecule to a target cell, whereby the 
nucleic acid molecule transfected the cell and was expressed. In many studies, successful 
delivery and expression of a heterologous gene was achieved in preferred cell types and/or 
using preferred delivery vehicles and routes of administration of the present invention. All 
of the publications discussed below and elsewhere herein with regard to gene delivery and 
delivery vehicles are incorporated herein by reference in their entirety. 

For example, using liposome delivery, U.S. Patent No. 5,705, 151, issued January 6, 
1 998, to Dow et al. demonstrated the successful in vivo intravenous delivery of a nucleic acid 
molecule encoding a superantigen and a nucleic acid molecule encoding a cytokine in a 
cationic liposome delivery vehicle, whereby the encoded proteins were expressed in tissues 
of the animal, and particularly in pulmonary tissues. In addition, Liu et al., Nature 
Biotechnology 15:167, 1997, demonstrated that intravenous delivery of cholesterol- 
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containing cationic liposomes containing genes preferentially targets pulmonary tissues and 
effectively mediates transfer and expression of the genes in vivo. 

Several publications by Dzau and collaborators demonstrate the successful in vivo 
delivery and expression of a gene into cells of the heart, including cardiac myocytes and 
fibroblasts and vascular smooth muscle cells using both naked DNA and Hemagglutinating 
virus of Japan-liposome delivery, administered by both incubation within the pericardium 
and infusion into a coronary artery (intracoronary delivery) (See, for example, Aoki et al., 
1 997, J. Mol Cell Cardiol 29:949-959; Kaneda et al., 1 997, Ann N. Y. Acad Sci. 8 1 1 :299- 
308; and von der Leyen et al., 1995, Proc Natl Acad Sci USA 92:1 137-1 141). 

Delivery of numerous nucleic acid sequences has been accomplished by 
administration of viral vectors encoding the nucleic acid sequences. Using such vectors, 
successful delivery and expression has been achieved using ex vivo delivery (See, of many 
examples, retroviral vector; Blaese et al., 1 995, Science 270:475-480; Bordignon et al., 1 995, 
Science 270:470-475), nasal administration (CFTR-adenovirus-associated vector), 
intracoronary administration (adenoviral vector and Hemagglutinating virus of Japan, see 
above), intravenous administration (adeno-associated viral vector; Koeberl et al., 1 997, Proc 
Natl Acad Sci USA 94:1426-1431). A publication by Maurice et al. (1999, J. Clin. Invest. 
104:21-29) demonstrated that an adenoviral vector encoding a 02-adrenergic receptor, 
administered by intracoronary delivery, resulted in diffuse multichamber myocardial 
expression of the gene in vivo, and subsequent significant increases in hemodynamic function 
and other improved physiological parameters. Taken together, all of the above studies in 
gene therapy indicate that delivery and expression of a recombinant nucleic acid molecule 
according to the present invention is feasible. 

Another method of delivery of recombinant molecules is in a non-targeting carrier 
(e.g., as "naked" DNA molecules, such as is taught, for example in Wolff et al., 1990, 
Science 247, 1465-1468). Such recombinant nucleic acid molecules are typically injected 
by direct or intramuscular administration. Recombinant nucleic acid molecules to be 
administered by naked DNA administration include an isolated nucleic acid molecule of the 
present invention, and preferably includes a recombinant molecule of the present invention 



60 



that preferably is replication, or otherwise amplification, competent. A naked nucleic acid 
reagent of the present invention can comprise one or more nucleic acid molecules of the 
present invention including a bicistronic recombinant molecule. Naked nucleic acid delivery 
can include intramuscular, subcutaneous, intradermal, transdermal, intranasal and oral routes 
of administration, with direct injection into the target tissue (e.g., skeletal muscle or cardiac 
muscle) being most preferred. A preferred single dose of a naked nucleic acid vaccine ranges 
from about 1 nanogram (ng) to about 100 ^g, depending on the route of administration 
and/or method of delivery, as can be determined by those skilled in the art. Suitable delivery 
methods include, for example, by injection, as drops, aerosolized and/or topically. In one 
embodiment, pure DN A constructs cover the surface of gold particles ( 1 to 3 [im in diameter) 
and are propelled into skin cells or muscle with a "gene gun." 

In the method of the present invention, therapeutic compositions can be administered 
to any member of the Vertebrate class, Mammalia, including, without limitation, primates, 
rodents, livestock and domestic pets. Livestock include mammals to be consumed or that 
produce useful products (e.g., sheep for wool production). Preferred mammals to treat using 
a composition of the invention include humans, dogs, cats, mice, rats, sheep, cattle, horses 
and pigs, with humans being most preferred. 

The discovery by the present inventor has also led the inventor to propose using this 
information to identify compounds that regulate myoblast activation and differentiation 
through a variety of different assays. Such methods are useful for identifying therapeutic 
reagents for treating cardiac and skeletal muscle disorders and diseases and/or for promoting 
myoblast activation and cardiac and skeletal muscle growth; for identifying proteins and cell 
lines containing specific mutations that will permit the elucidation of protein processing 
pathways relevant to normal heart and skeletal muscle development, disease development 
in heart and skeletal muscle, and cancer development and progression; and for identifying 
additional therapeutic targets for heart disease, muscular dystrophy, and cancer prevention. 
For example, it is an aspect of the invention to identify genes to screen for mutations leading 
to heart and skeletal muscle diseases, to use the gene products of genes identified as targets 
for therapeutic intervention in diseases of the cardiac and skeletal muscle. 
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One embodiment of the invention relates to a method to identify compounds that 
regulate myoblast activation and differentiation, comprising: (a) contacting a cell that 
expresses a prelamin A protein or a prelamin A pre peptide with a test compound under 
conditions suitable for modulation (regulation, increase or decrease, change, modification) 
of the activity of the prelamin A protein or prelamin A pre peptide by the test compound; and 
(b) detecting modulation of the activity of the prelamin A protein or prelamin A pre peptide 
by the test compound. 

In this embodiment, the step of detecting can include, but is not limited to: detecting 
whether the test protein regulates prelamin A pre peptide transport in a cell; detecting 
whether the test protein regulates the processing of prelamin A in a cell; detecting whether 
the test protein regulates myoblast activation or differentiation; and/or detecting comprises 
detecting binding between the prelamin A protein or prelamin A pre peptide and the test 
compound. In one embodiment, the step of detecting comprises detecting an increase in 
myoblast activation and differentiation in the absence of correcting the prelamin A 
processing deficiency. Each of these steps of detecting can be compared to the various 
activity or parameter in the absence of the test compound. The steps of detecting are 
described in more detail below. 

In one embodiment, the step of detecting comprises detecting binding between the 
prelamin A protein or prelamin A pre peptide and the test compound. Such an assay need 
not be a cell based assay (e.g., immunoprecipitation assay), although cells can be particularly 
useful for this type of assay (e.g. a yeast two hybrid system). Accordingly, one embodiment 
of the invention relates to a method to identify compounds that regulate myoblast activation 
and differentiation, comprising: (a) contacting a prelamin A protein or a prelamin A pre 
peptide with a test compound under conditions suitable for binding of the prelamin A protein 
or prelamin A pre peptide by the test compound; and (b) detecting binding of the prelamin 
A protein or prelamin A pre peptide by the test compound. 

The test compound can include a variety of different types of compounds. In one 
aspect, the test compound is a protein encoded by a gene that is a candidate for regulation of 
prelamin A processing or prelamin A pre peptide transport in the cell. For example, suitable 
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candidates include human homologues of a gene in the yeast a-type mating pheromone 
signaling pathway, or a gene encoding a candidate receptor for the prelamin A pre peptide. 
In another aspect, the test compound is a pharmaceutical compound. In one embodiment, 
the test compound is a putative pharmaceutical compound for use in the treatment of cardiac 
and skeletal muscle disorders, wherein an increase in the processing of prelamin A in the cell 
or an increase in myoblast activation and differentiation in the presence of the compound as 
compared to in the absence of the compound indicates that the compound is a therapeutic 
compound for use in the treatment of cardiac and skeletal muscle disorders. In yet another 
aspect, the test compound is a homologue of a prelamin A protein, a prelamin A pre peptide, 
or a prelamin A processing enzyme or downstream signal transduction molecule, or a gene 
encoding any of these test compounds. 

Cells useful in the present assay include any cell expressing the prelamin A protein 
or prelamin A pre peptide, including, but not limited to, a differentiating cardiac myocyte or 
a differentiating skeletal myocyte, or a cell that has been transfected with a nucleic acid 
molecule encoding the prelamin A protein or prelamin A pre peptide. The prelamin A can 
be processing deficient (e.g., either a naturally occurring mutant or a synthetically created 
mutant), or the cell expressing the prelamin A protein or prelamin A pre peptide can be a 
prelamin A processing deficient cell (e.g., an isolate from a patient or a laboratory created 
cell). The cells can include cardiac myocytes or skeletal myocytes. 

For example, one embodiment of the invention relates to a method to identify 
compounds that regulate myoblast activation and differentiation in a cell, comprising: (a) 
contacting an isolated prelamin A processing-deficient cell with a test compound for 
regulation of myoblast activation and differentiation; (b) contacting the isolated cell with test 
compound for regulation of myoblast activation and differentiation; and (c) detecting 
whether the test compound regulates an activity in the cell selected from the group consisting 
of: prelamin A processing, prelamin A pre peptide transport, and myoblast activation or 
differentiation, as compared to in the absence of the test compound. The present inventor 
has identified disease mutations that inhibit proper prelamin A processing in myocyte cell 
lines. This protein, and these transfected cell lines, will permit the elucidation of the 
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enzymes and steps in the prelamin A processing pathway by complementation experiments. 
These cell lines will also serve as a reagent to test therapeutic agents to rectify the prelamin 
A processing deficiencies. Cell lines generated from a patient identified as carrying this 
lamin A/C mutation can be used for similar purposes. 

Having generally described various methods of identification of the invention, more 
particular details of the assays that apply to one or more of the methods above will now be 
described. For example, it will be apparent that the methods described above are typically 
cell-based assays, but may include cell-free assays, such as when one wishes to assess 
binding of one protein to another. 

In one aspect of these methods, the methods can include a step of contacting a cell 
that expresses a prelamin A protein or prelamin A pre peptide (including a prelamin A 
processing deficient cell), or contacting a prelamin A protein or a prelamin A pre peptide 
directly, with a putative regulatory compound (a test compound, including a gene, protein 
or candidate drug), followed by a step of detecting an effect on the cell or protein, preferably 
as compared to in the absence of the putative regulatory compound. 

In these embodiments, a change in the regulation of some aspect of the prelamin A 
processing pathway, including downstream events that result from activation of this pathway, 
in the presence of the test compound as compared to in the absence of the test compound 
indicates that the test compound is an regulator of the prelamin A processing pathway. If the 
initial assay is not a cell-based assay (e.g., detects only binding of the test compound to a 
protein such as prelamin A), then the compound can be further tested, if desired, in a cell- 
based assay to determine whether the compound inhibits or enhances a biological activity 
within the prelamin A processing pathway. Such further steps will help detect the mode of 
action of the compound and whether it might be an agonist or antagonist of the prelamin A 
processing pathway. 

As used herein, the term "putative" or "test" or "candidate" refers to compounds 
having an unknown or previously unappreciated regulatory activity in a particular process. 
As such, the term "identify" is intended to include all compounds, the usefulness of which 
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as a regulatory compound according to the invention determined by a method of the present 
invention. 

The methods of the present invention include contacting test compounds and cells, 
proteins or genes with one another to detect binding of one component to another or to detect 
the effect of the contact on expression and/or biological activity of one or more of the 
components. The step of contacting can be performed by any suitable method, depending 
on how the test compound and the cell, proteins, or genes are provided. For example, cells 
expressing prelamin A or a prelamin A pre peptide can be grown in liquid culture medium 
or grown on solid medium in which the liquid medium or the solid medium contains the 
compound to be tested. In addition, as described above, the liquid or solid medium contains 
components necessary for cell growth, such as assimilable carbon, nitrogen and micro- 
nutrients. Cell lysates can be combined with other cell lysates and/or the compound to be 
tested in any suitable medium. In another embodiment, proteins and/or cell lysates 
containing such proteins can be immobilized on a substrate such as: artificial membranes, 
organic supports, biopolymer supports and inorganic supports. The protein can be 
immobilized on the solid support by a variety of methods including adsorption, cross-linking 
(including covalent bonding), and entrapment. Adsorption can be through van del Waal's 
forces, hydrogen bonding, ionic bonding, or hydrophobic binding. Exemplary solid supports 
for adsorption immobilization include polymeric adsorbents and ion-exchange resins. Solid 
supports can be in any suitable form, including in a bead form, plate form, or well form. The 
putative regulatory compound can be contacted with the immobilized protein by any suitable 
method, such as by flowing a liquid containing the compound over the immobilized protein. 

The present methods involve contacting cells or proteins with the compound being 
tested for a sufficient time to allow for interaction with the cell or protein, and regulation of 
the cell by the compound. The period of contact with the compound being tested can be 
varied depending on the result being measured, and can be determined by one of skill in the 
art. For example, for binding assays, a shorter time of contact with the compound being 
tested is typically suitable, than when activation is assessed. As used herein, the term 
"contact period" refers to the time period during which the proteins are in contact with the 
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compound being tested and/or the time period during which the proteins or cells and the test 
compounds are in contact (or in a condition where contact is possible) with each other. The 
term "incubation period" refers to the entire time during which, for example, cells are 
allowed to grow prior to evaluation, and can be inclusive of the contact period. Thus, the 
incubation period includes all of the contact period and may include a further time period 
during which the compound being tested is not present but during which growth is 
continuing (in the case of a cell based assay) prior to scoring. It will be recognized that 
shorter incubation times are preferable because compounds can be more rapidly screened. 

The conditions under which a cell or cell lysate is contacted with a putative regulatory 
compound, such as by mixing, are any suitable culture or assay conditions and includes an 
effective medium in which the cell can be cultured or in which the cell lysate can be 
evaluated in the presence and absence of a putative regulatory compound. Similarly, the 
conditions under which proteins (e.g., prelamin A or pre peptide) are contacted with a 
putative regulatory compound are any suitable assay conditions, such as by immobilization 
of the protein or peptide on a substrate in conditions under which the protein or peptide can 
contact the putative regulatory compound. 

Cells of the present invention can be cultured in a variety of containers including, but 
not limited to, tissue culture flasks, test tubes, microtiter dishes, and petri plates. Culturing 
is carried out at a temperature, pH and carbon dioxide content appropriate for the cell. Such 
culturing conditions are also within the skill in the art. Acceptable protocols to contact a cell 
with a putative regulatory compound in an effective manner include the number of cells per 
container contacted, the concentration of putative regulatory compound(s) administered to 
a cell, the incubation time of the putative regulatory compound with the cell, and the 
concentration of compound administered to a cell. Determination of such protocols can be 
accomplished by those skilled in the art based on variables such as the size of the container, 
the volume of liquid in the container, the type of cell being tested and the chemical 
composition of the putative regulatory compound (i.e., size, charge etc.) being tested. A 
preferred amount of putative regulatory compound(s) comprises between about 1 nM to 
about 10 mM of putative regulatory compound(s) per well of a 96-well plate. 
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Suitable cells for use with the present invention include any cell that endogenously 
expresses prelamin A or prelamin A pre peptide (wild-type or processing-deficient), or which 
has been transfected with and expresses a recombinant prelamin A or prelamin A pre peptide 
as disclosed herein. Such cells can include cells with normal prelamin A processing and 
prelamin A processing-deficient cells (which may contain normal prelamin A). In one 
embodiment, host cells genetically engineered to express a prelamin A or pre peptide can be 
used as an endpoint in the assay; e.g., as measured by a chemical, physiological, biological, 
or phenotypic change, induction of a host cell gene or a reporter gene, change in cAMP 
levels, adenylyl cyclase activity, host cell G protein activity, host cell kinase activity, 
proliferation, differentiation, etc. Cells for use with the present invention include 
mammalian, invertebrate, plant, insect, fungal, yeast and bacterial cells. Preferred cells 
include mammalian cells. Other preferred cells include cardiac or skeletal muscle myocytes 
and preferably, differentiating cardiac or skeletal muscle myocytes. Prelamin A processing- 
deficient cells useful in the present invention have been isolated by the present inventor are 
described in the Examples section. 

As discussed above, the step of detecting whether a test compound binds to prelamin 
A or pre peptide (or another protein or gene in a cell) or regulates a parameter of prelamin 
A processing and/or its downstream biological effects, can be performed by any suitable 
method. Such methods include, but are not limited to: measurement of protein-protein 
binding or interaction, measurement of transcription of prelamin A, measurement of 
translation of prelamin A, measurement of posttranslational modification' of prelamin A, 
measurement of proper processing of the pre peptide, measurement of pre peptide signal 
transduction, measurement of lamin A incorporation into the nuclear lamina structure, 
measurement of transcriptional regulation of muscle-specific genes and/or cell cycle arrest, 
measurement of nuclear lamina morphology, measurement of pre peptide transport, 
measurement of lamin A localization, measurement of myocyte cell fusion, and/or 
measurement of myoblast activation and differentiation. Techniques for performing such 
measurements are known in the art, and include a variety of binding assays, western blotting, 
immunocytochemistry , flow cytometry, other immunological based assays, phosphorylation 
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assays, kinase assays, immunofluorescence microscopy, RNA assays, immunoprecipitation, 
cytokine assays, evaluation of cell morphology, in situ hybridization, and other biological 
assays. Binding assays include BIAcore machine assays, immunoassays such as enzyme 
linked immunoabsorbent assays (ELISA) and radioimmunoassays (RIA), or determination 
of binding by monitoring the change in the spectroscopic or optical properties of the proteins 
through fluorescence, UV absorption, circular dichroism, or nuclear magnetic resonance 
(NMR). Binding and/or interaction between two proteins can be determined using yeast two 
hybrid systems. Methods for evaluating prelamin A processing and its biological effects are 
described in the Examples section. 

As discussed above, in vitro cell based assays may be designed to screen for 
compounds that regulate prelamin A processing and associated biological events at either the 
transcriptional or translational level. For example, one embodiment of the invention relates 
to a method to identify a genes or gene products that regulate the processing of prelamin A 
or activities downstream of the prelamin A processing and pre peptide signal transduction. 
In one aspect, a nucleic acid sequence encoding a reporter molecule can be linked to a 
regulatory element of prelamin A or an associated protein and used in appropriate intact 
cells, cell extracts or lysates to identify compounds that modulate prelamin A gene 
expression or expression of a gene involved in prelamin A processing or pre peptide signal 
transduction. Appropriate cells or cell extracts can be prepared, if desired, from any cell type 
that normally expresses a gene encoding prelamin A, thereby ensuring that the cell extracts 
contain the transcription factors required for in vitro or in vivo transcription. The screen can 
be used to identify compounds that modulate the expression of the reporter construct. In 
such screens, the level of reporter gene expression is determined in the presence of the test 
compound and compared to the level of expression in the absence of the test compound. 

The method can also include the step of detecting the expression of at least one, and 
preferably more than one, of the downstream genes that are regulated by prelamin A 
processing and the release of the pre peptide, or of the genes that are involved in the 
processing of prelamin A. As used herein, the term "expression", when used in connection 
with detecting the expression of a downstream gene of the present invention, can refer to 
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detecting transcription of the gene and/or to detecting translation of the gene. To detect 
expression of a gene refers to the act of actively determining whether a gene is expressed or 
not. This can include determining whether the gene expression is upregulated as compared 
to a control, downregulated as compared to a control, or unchanged as compared to a control. 
Therefore, the step of detecting expression does not require that expression of the gene 
actually is upregulated or downregulated, but rather, can also include detecting that the 
expression of the gene has not changed (i.e., detecting no expression of the gene or no 
change in expression of the gene). Expression of transcripts and/or proteins is measured by 
any of a variety of known methods in the art. For RNA expression, methods include but are 
not limited to: extraction of cellular mRNA and northern blotting using labeled probes that 
hybridize to transcripts encoding all or part of one or more of the genes of this invention; 
amplification of mRNA expressed from one or more genes using gene-specific primers, if 
available and reverse transcriptase - polymerase chain reaction, followed by quantitative 
detection of the product by any of a variety of means; extraction of total RNA from the cells, 
which is then labeled and used to probe cDNAs or oligonucleotides encoding all or part of 
the genes of this invention, arrayed on any of a variety of surfaces. The term "quantifying" 
or "quantitating" when used in the context of quantifying transcription levels of a gene can 
refer to absolute or to relative quantification. Absolute quantification may be accomplished 
by inclusion of known concentration(s) of one or more target nucleic acids and referencing 
the hybridization intensity of unknowns with the known target nucleic acids (e.g. through 
generation of a standard curve). Alternatively, relative quantification can be accomplished 
by comparison of hybridization signals between two or more genes, or between two or more 
treatments to quantify the changes in hybridization intensity and, by implication, 
transcription level. 

Another embodiment of the methods described above includes identifying whether 
a candidate gene is a gene that encodes a product that is involved in either prelamin A 
processing, or downstream activities resulting from prelamin A processing and the release 
of the pre peptide. Such methods are typically performed by protein-protein interaction 
assays to identify gene products that interact with a given protein (e.g., prelamin A or pre 
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peptide), or by complementation assays using cell lines expressing various proteins in the 
pathway. 

In one embodiment, the invention includes a method to identify human genes that 
regulate myoblast activation and differentiation, comprising: (a) contacting a probe with a 
source of human DNA from heart or skeletal muscle tissue under low stringency conditions, 
wherein the probe is a nucleic acid sequence from a gene in the yeast a-type mating 
pheromone signal transduction pathway; (b) identifying genes in the source of human DNA 
that hybridize to the probe; and (c) detecting whether genes that hybridize to the probe 
encode a protein that corrects a prelamin A processing deficiency or that increases myoblast 
activation and differentiation. For example, the gene in the yeast a-type mating pheromone 
signal transduction pathway can include a gene that is associated with a biological function 
selected from: transcriptional activation of pheromone responsive genes, post-transcriptional 
blockade of the cell cycle, and cell fusion pathway activation. As discussed above, the only 
protein known to be post-translationally processed in the same manner as prelamin A is the 
yeast a-type mating pheromone. Yeast a-factor (Mat a) peptide activates a receptor-coupled 
G protein which, in turn activates a mitogen-activated protein (MAP) kinase. This splits the 
signal into three branches: transcriptional activation of pheromone responsive genes, post- 
transcriptional blockade of the cell cycle, and cell fusion pathway activation. Therefore, 
human homologues of genes in the yeast a-type mating pheromone pathway are good 
candidates for other genes relevant to the prelamin A processing and pre peptide signal 
transduction, including candidates for genes that contain mutations that cause heart and 
skeletal muscle diseases. These genes and their protein products are putative targets for 
therapies to prevent cardiac and skeletal muscle diseases. 

Methods of creating probes suitable for use in a homologue screen are known in the 
art and include the preparation of degenerate primers. Methods for identifying genes using 
hybridization are well known in the art. It is generally recognized that nucleic acids are 
denatured by increasing the temperature or decreasing the salt concentration of the buffer 
containing the nucleic acids. Under low stringency conditions (e.g., low temperature and/or 
high salt) hybrid duplexes (e.g., DNA: DNA, RNA:RNA, or RNA:DNA) will form even 
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where the annealed sequences are not perfectly complementary. Thus specificity of 
hybridization is reduced at lower stringency. Conversely, at higher stringency (e.g., higher 
temperature or lower salt) successful hybridization requires fewer mismatches. 
Hybridization conditions are described in detail above. 

Yet another embodiment of the invention relates to a method to identify an inhibitor 
of prelamin A farnesylation, comprising the steps of: (a) contacting an isolated cell that 
expresses prelamin A with a putative regulator of prelamin A farnesylation; and (b) detecting 
whether farnesylation of prelamin A is inhibited by the putative regulator. The farnesylation 
and subsequent processing of pre-lamin A is essential for its proper function in cardiac and 
skeletal myocyte formation. Activation of the Ras oncogene is responsible for greater than 
70% of colorectal cancer cases. Farnesylation of Ras is the initial step in Ras activation. 
Currently, farnesylation inhibitors are being used in clinical trials to prevent Ras activation 
and cancer progression. Therefore, identification of the enzymatic steps in the prelamin A 
farnesylation pathway will identify putative targets for additional therapies to prevent Ras 
activation and colorectal cancer. In addition, the present inventor has found that inhibition 
of farnesylation using known inhibitors in differentiating muscle cells causes muscle cell 
degeneration and muscle cell death. Based on the present inventor's discovery, one can now 
see that inhibition of proper prelamin A processing is most likely the cause of this result. 
Therefore, the present inventor proposes using inhibitors of prelamin A processing, and 
particularly, farnesylation inhibitors, to inhibit or treat muscle cell cancers via inhibition of 
the prelamin A processing pathway. 

In the method of identification of farnesylation inhibitors, the cell can be any suitable 
cell expressing prelamin A as discussed previously herein. In one embodiment, the cell is 
selected from the group consisting of a differentiating cardiac myocyte and a differentiating 
skeletal myocyte. In another embodiment, the cell has been transfected with a nucleic acid 
molecule encoding prelamin A. The step of detecting includes detecting whether prelamin 
A farnesylation is reduced as compared to in the absence of the putative inhibitor compound. 
In additional steps, one can detect whether inhibitors of prelamin A farnesylation detected 
in step (b) regulate prelamin A processing in the cell, wherein detection of reduced prelamin 
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A processing in the presence of the regulator indicates that the regulator may be useful for 
treatment of muscle cell cancers. Alternatively, one can detect whether inhibitors of 
prelamin A farnesylation detected in step (b) cause myoblast dissociation or myoblast cell 
death, wherein detection of increased myoblast dissociation or myoblast cell death in the 
presence of the regulator indicates that the regulator may be useful for treatment of muscle 
cell cancers. Methods of contacting and detecting useful in this aspect of the invention have 
been described generally above for other cell-based assays and are additionally known in the 
art. Methods of detecting farnesylation of a protein are described, for example, in: Proc Natl 
Acad Set 89:3000-3004 (1992); or Proc. Natl Acad Set 97:11626-11631 (2000), 
incorporated herein by reference in their entireties. Methods of detecting myoblast 
dissociation or cell death are also well known in the art. 

Accordingly, another embodiment of the invention is a method to treat a muscle cell 
cancer, comprising administering to a patient with a muscle cell cancer or metastatic cancer 
thereof a compound that inhibits prelamin A processing and myoblast differentiation. The 
compound can include any known or as yet unknown compound that will inhibit prelamin 
A processing and particularly, farnesylation of prelamin A. One particularly preferred 
compound can include a statin that is toxic to myocytes. Methods to identify such 
compounds have been described previously herein. Muscle cell cancers to treat using this 
method include, but are not limited to: myosarcoma, myeloma, myoma, rhabdomyosarcoma, 
and malignant uterine fibroids. 

Another embodiment of the present invention relates to a method to diagnose a 
disorder associated with prelamin A processing defects, or to screen for patients that carry 
mutations that may cause cardiac or skeletal muscle disorders. The method includes the 
steps of detecting expression or biological activity of prelamin A or the prelamin A pre 
peptide in a tissue of a patient suspected of having a disorder, and comparing the expression 
or biological activity to a control, wherein a difference in the expression or biological activity 
of prelamin A or the pre peptide (including a gene encoding such proteins) in a tissue of the 
patient as compared to the control indicates a positive diagnosis of a disorder associated with 
improper prelamin A processing. Once additional enzymes and proteins in the processing 
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and signal transduction pathway have been elucidated, these proteins and genes encoding 
them can also be used to diagnose or screen patients for a cardiac or skeletal muscle disorder. 
The terms "diagnose", "diagnosis", "diagnosing" and variants thereof refer to the 
identification of a disease or condition on the basis of its signs and symptoms. As used 
herein, a "positive diagnosis" indicates that the disease or condition, or a potential for 
developing the disease or condition, has been identified. In contrast, a "negative diagnosis" 
indicates that the disease or condition, or a potential for developing the disease or condition, 
has not been identified. 

According to the present invention, the term "cell sample" can be used generally to 
refer to a sample of any type which contains cells to be evaluated by the present method, 
including but not limited to, a sample of isolated cells, a tissue sample and/or a bodily fluid 
sample. According to the present invention, a sample of isolated cells is a specimen of cells, 
typically in suspension or separated from connective tissue which may have connected the 
cells within a tissue in vivo, which have been collected from an organ, tissue or fluid by any 
suitable method which results in the collection of a suitable number of cells for evaluation 
by the method of the present invention. The cells in the cell sample are not necessarily of 
the same type, although purification methods can be used to enrich for the type of cells which 
are preferably evaluated. Cells can be obtained, for example, by scraping of a tissue, 
processing of a tissue sample to release individual cells, or isolation from a bodily fluid. A 
tissue sample, although similar to a sample of isolated cells, is defined herein as a section of 
an organ or tissue of the body which typically includes several cell types and/or cytoskeletal 
structure which holds the cells together. One of skill in the art will appreciate that the term 
"tissue sample" may be used, in some instances, interchangeably with a "cell sample", 
although it is preferably used to designate a more complex structure than a cell sample. A 
tissue sample can be obtained by a biopsy, for example, including by cutting, slicing, or a 
punch. A bodily fluid sample, like the tissue sample, contains the cells to be evaluated, and 
is a fluid obtained by any method suitable for the particular bodily fluid to be sampled. 
Nucleic acids can be prepared from any of these samples for screening. 
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Methods suitable for detecting transcription or translation have been described 
elsewhere herein and include any suitable method for detecting and/or measuring mRNA 
levels or protein levels from a cell, cell extract or tissue. Methods for detecting transcription 
include, but are not limited to: polymerase chain reaction (PCR), reverse transcriptase PCR 
(RT-PCR), in situ hybridization, Northern blot, sequence analysis, and detection of a reporter 
gene. Such methods for detection of transcription levels are well known in the art, and many 
of such methods are described in Sambrook et al., Molecular Cloning: A Laboratory 
Manual, Cold Spring Harbor Labs Press, 1989 and/or in Glick et al., Molecular 
Biotechnology: Principles and Applications of Recombinant DNA, ASM Press, 1998; 
Sambrook et al., ibid., and Glick et al., ibid, are incorporated by reference herein in their 
entireties. Methods suitable for the detection of protein include, but are not limited to, 
immunoblot (e.g., Western blot), enzyme-linked immunosorbant assay (ELISA), 
radioimmunoassay (RIA), immunoprecipitation, immunohistochemistry and 
immunofluorescence. Such methods are well known in the art. 

Typically, in a diagnostic or screening assay, a test level of expression of a protein 
or nucleic acid is compared to a baseline level, or control. According to the present 
invention, a "baseline level" is a control level, and in some embodiments, a normal level of 
protein or gene expression or activity against which a test level of protein or gene expression 
or biological activity (i.e., in the patient sample) can be compared. The method for 
establishing a baseline level of protein or gene expression or activity is selected based on the 
sample type, the tissue or organ from which the sample is obtained, the status of the patient 
to be evaluated, and the focus or goal of the assay (e.g., diagnosis, staging, monitoring). 
Preferably, the method is the same method that will be used to evaluate the sample in the 
patient. Baseline levels can be established using an autologous control sample obtained from 
the patient, an autologous level in a previous sample from the same patient, or using control 
samples that were obtained from a population of matched individuals. 

The following examples are provided for the purpose of illustration and are not 
intended to limit the scope of the present invention. 
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Examples 

Materials and Methods. 

Plasmids. The wild type prelamin A cDNA, a gift from M. Sinensky (Eastern 
Tennessee State University), was sub-cloned from pMMLA into p Alter- 1 (Promega). 
Oligonucleotide primers were designed containing six different lamin A/C sequence 
mutations that cause DCM; CI 78G (Arg60Gly), T254G (Leu85Arg), C585G (Asnl95Lys), 
A608G (Glu203Gly), G266T (Arg89Leu), and Gl 1 30A (Arg377His). Each primer contains 
10-11 bp of flanking sequence homology on either side of the mutation. Site directed 
mutagenesis was performed on the wild type prelamin A cDN A/pAlter- 1 construct using 
Altered Sites (Promega). DNA was isolated from individual transformants and sequenced 
to identify clones containing the induced mutations. 

The wild type and six mutant prelamin A/p Alter- 1 plasmid DNAs were used as 
templates in PCR reactions with primers designed to permit sub-cloning of the prelamin A 
cDN A PCR products in-frame with the N-terminal GFP coding sequence of pEGFP-C 1 
(Clonetech). The prelamin A cDNA inserts were sequenced in their entirety to confirm the 
presence of the desired mutation and the absence of any spurious Taq polymerase-induced 
mutations. 

Cells and Transfections. C2C12 and H9C2 cells were incubated for 24h in DMEM 
containing 10% (vol/vol) fetal bovine serum. Effectene (Qiagen) was used to transfect 
plasmid DNA into cells following the manufacturers instructions. Non-differentiating cells 
were allowed to continue growing for an additional 24h before being processed for 
microscopy, or until near confluent (2 to 3 days) for protein isolation. For differentiation, 
H9C2 and C2C12 cells were allowed to continue growing 36 hours after transfection prior 
to incubation in DMEM containing 2% (vol/vol) horse serum. In the case of H9C2 cells, 
differentiation media also contained 1 0 nM retinoic acid. C2C 1 2 cells were differentiated for 
48 hours or 8 days, and H9C2 cells were differentiated 7 days prior to processing for 
microscopy. 

Indirect immunofluorescence (IF). All slides were fixed by treating with cold 70% 
methanol/30% acetone solution for 1 0 min. Immunostaining was performed by treating fixed 
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cells with anti-lamin A/C mouse monoclonal antibody (NCL-LAM-A/C)( 1 :50) (Novocastra 
Laboratories), or anti-desmin rabbit polyclonal antibody (1:50) (Sigma). The secondary 
antibody used with the anti-lamin A/C antibody was Texas red-conjugated horse anti-mouse 
(1:300) (Vector Laboratories), and the secondary antibody used with the anti-desmin 
antibody was Texas red-conjugated goat anti-rabbit (1:300) (Vector Laboratories). Cover 
slips were mounted with Vectashield containing DAPI (Vector Laboratories). 

Western blots. Non-differentiated C2C12 cells were lysed in cell buffer (1% Triton 
X-100, 20 mM Tris-Cl, 7.5, 10 mM NaCl, 5 mM MgCl 2 ) containing 46 |ig/ml Leupeptin 
(Sigma), 10 M-g/ml Aprotinin (Sigma), and 250 \xg/ml AE-BSF (Sigma) for 10 min on ice. 
Total protein concentration was determined using BioRad Protein Assay reagent. One 
volume of 2X Laemli loading buffer was added and the samples were boiled for 2 min. 
Proteins were separated by polyacrylamide gel electrophoresis and transferred to Immobilon- 
P (Millipore). Western blots were probed with an anti-GFP rabbit polyclonal antibody (SC- 
8334) (1 : 1 000) (Santa Cruz Biotechnology) and HRP-conjugated goat anti -rabbit secondary 
antibody (1:5000) (BioRad), or an anti-prelamin A goat polyclonal antibody (SC-6214) 
(1:100) (Santa Cruz Biotechnology) and HRP-conjugated mouse anti-goat secondary 
antibody (1:500) (Santa Cruz Biotechnology). Secondary antibody detection was performed 
using Super signal HRP (Pierce). 

Example 1 

The following example demonstrates that mutations that cause dilated 
cardiomyopathy result in aberrant lamin A localization and lamina formation. 

Indirect IF microscopic studies of peptide-tagged lamin A proteins containing 
disease-causing mutations have demonstrated that these mutations can affect the structure 
of the nuclear lamina. However, changes in the structure of the nuclear lamina can mask 
antigenic sites and inhibit antibody access. Consequently, it is unclear if the changes in 
lamina structure revealed by indirect IF reflect the true localization of, and structures formed 
by, the mutant lamin A proteins, or alterations in the interactions between the antibodies used 
in these experiments and the mutant lamin A proteins. In order to directly visualize the 
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effects of disease-causing mutations on lamina formation and lamin A localization, the 
present inventor created a prelamin A fusion protein expression construct in which the 
coding sequence for GFP was fused to the N-terminal end of the prelamin A cDNA. An N- 
terminal GFP-prelamin A fusion protein has been shown to be processed and function 
normally in mammalian cells. 

Six different single nucleotide substitutions that cause DCM were independently 
introduced into the GFP prelamin A cDNA by site-directed mutagenesis. These mutations 
result in the amino acid substitutions (relative to SEQ ID NO:4) Arg60Gly, Leu85Arg 5 
Asnl95Lys, Glu203Gly, Arg89Leu and Arg377His. The wild type and mutant expression 
constructs were transfected into mouse C2C12 skeletal myoblasts. Expression of the mutant 
lamin proteins in C2C12 cells, which express endogenous wild type lamins A and C, 
approximates the heterozygous state of lamin expression in the tissues of patients affected 
by these autosomal dominant disease mutations. In order to compare the results obtained by 
direct fluorescence microscopy of the GFP signal with those produced by indirect IF 
microscopy, the cells were fixed and stained with a human-specific anti-lamin A/C antibody. 
As expected, the wild type prelamin A fusion protein incorporated into the nuclear lamina 
as evidenced by the more intense signal seen around the circumference of the nucleus (data 
not shown). In addition, a number of intranuclear lamin A filaments were observed as 
previously described. 

The nuclear lamina formed in cells expressing the fusion proteins containing the 
mutations Arg60Gly, Leu85 Arg and Arg377His (data not shown) are indistinguishable from 
those formed by the wild type construct. However, extra-nuclear GFP fusion protein 
aggregates are seen in the transfectants expressing the Arg60Gly and Leu85Arg mutations. 
While the fusion protein containing the Glu203Gly mutation incorporates efficiently into the 
nuclear lamina (data not shown), nuclei of transfectants expressing this mutant protein 
typically contain large areas of diffuse GFP signal that are devoid of the fine filamentous 
structures seen in the wild type control. These transfectants also contain cytoplasmic GFP 
fusion protein aggregates. The expression of fusion proteins containing the Asn 1 95Ly s (data 
not shown) and Arg89Leu (data not shown) mutations results in the formation of intranuclear 
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lamin aggregates. All aggregates are located at the nuclear periphery as determined by three- 
dimensional volume projections of the digitally deconvolved images (data not shown). 
Increasing the gain of the GFP channel revealed nucleoplasms GFP signal in the Arg89Leu 
transfectants, but not in the Asnl95Lys transfectants (data not shown). 

Indirect IF analysis of transfectants expressing the wild type prelamin A construct 
accurately represents the localization of the GFP fusion protein, and its incorporation into 
the nuclear lamina and intranuclear filaments. However, artifacts in the form of intranuclear 
antibody aggregates that do not co-localize with the GFP signal are observed in transfectants 
containing the wild type, and each of the mutant fusion protein constructs (data not shown). 
Indirect IF analysis of transfectants expressing the Arg60Gly, Leu85Arg and Arg377His 
protein constructs demonstrates that these mutations are affecting the lamina structure such 
that the antibody under represents the incorporation of the GFP fusion proteins into the 
lamina, and over represents the nucleoplasms localization of these proteins. Indirect IF 
analysis of transfectants expressing fusion proteins containing the Asnl95Lys, Glu203Gly 
and Arg89Leu mutations accurately depicts the localization of the mutant fusion proteins. 
However, antibody access to the interior of the intranuclear aggregates in cells expressing 
the Asnl95Lys and Arg89Leu mutations is prevented, resulting in the false representation 
of these mutant proteins forming hollow, ring-like structures. 

Example 2 

The following example demonstrates that lamin A/C mutations affect different steps 
in prelamin A processing. 

Prelamin A is processed in a sequential series of post-translation modifications shared 
by the S. cerevisiae a-type mating pheromone. To determine if the mutations associated with 
DCM affect prelamin A processing, equal amounts of total protein extracts from C2C12 
myoblasts transfected with the wild type and mutant fusion protein constructs were analyzed 
by Western blot analysis with an anti-GFP antibody. Referring to Fig. 1, total protein was 
isolated from C2C12 cells that were untransfected (lane 7), or transfected with the wild type 
prelamin A fusion protein construct (lane 2), and with the prelamin A constructs containing 
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the Arg60Gly (lane J), Leu85Arg (lane 4\ Asnl95Lys (lane J), Glu203Gly (lane <5), 
Arg89Leu (lane 7), and Arg377His (lane 8) mutations. Proteins were resolved by 10% 
SDS/PAGE, transferred to membranes, and probed with an anti-GFP antibody (A) or 
prelamin A-specific antibody (£). The migration of MW standards are indicated in kDa at 
left. 

A protein band of the size expected for lamin A (74 kDa) fused to GFP (27 kDa) was 
detected in all transfectants (Fig. 1 A, lanes 2-8), and was absent from the untransfected 
control (Fig. 1 A, lane 1). The intensity of this band varies between samples, reflecting that 
the proteins were isolated from transient transfections that resulted in different transfection 
efficiencies. 

The GFP fusion protein containing the Arg89Leu mutation (Fig. 1A, lane 7) has 
reduced mobility as compared with the other protein constructs. This protein also migrates 
slower on Western blots of total protein isolated from H9C2 rat cardiac myoblast 
transfectants probed with the anti-GFP antibody, and from HeLa cell transfectants probed 
with an anti-lamin A/C antibody (data not shown). In order to confirm the Arg89Leu 
mutation is affecting prelamin A processing, Western blot analysis of the C2C12 protein 
extracts was performed using an antibody which specifically recognizes the C-terminal "pre" 
peptide of prelamin A. prelamin A was detected in the protein extracts from transfectants 
expressing the Arg89Leu mutation (Fig. IB, lane 7), and in extracts from cells expressing 
the Glu203Gly and Arg377His mutations as well (Fig. IB, lanes 7 and 8, respectively). 
Furthermore, the prelamin A protein containing the Glu203Gly mutation has a greater 
mobility than those containing the Arg89Leu and Arg377His mutations, demonstrating that 
the Glu203Gly mutation affects a different prelamin A processing step. 

Example 3 

The following example demonstrates that lamin A/C mutations affect myoblast 
differentiation. 

The observations that DCM resulting from lamin A/C gene mutations is not a 
congenic disorder, and that lamin A/C knockout mice fail to show skeletal and cardiac 
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pathologies until 3-4 weeks post natal, indicate that lamin A/C disease mutations affect tissue 
growth and repair, not organogenesis. In adult skeletal muscle, mononucleated stem cells 
referred to as "satellite cells" are responsible for the regeneration of muscle fibers in response 
to injury. To test the hypothesis that lamin A/C gene mutations responsible for DCM affect 
satellite cell function, mouse C2C 1 2 cells transfected with the wild type and mutant prelamin 
A fusion protein constructs were induced to differentiate, and examined for defects in 
myocyte morphology and intercellular organization after two days of growth in 
differentiation media. Direct fluorescence microscopy was used to identify myocytes 
expressing the GFP fusion protein constructs. Indirect IF microscopy was performed using 
an anti-desmin antibody, as desmin is an early marker of myocyte differentiation expressed 
throughout the cytoplasm of the myotube. 

Analysis of myocytes expressing the fusion protein constructs reveals that lamin A 
is not restricted to nuclear domains, and is present in either all or none of the C2C12 
myotube nuclei (data not shown). The transfer of lamin A between nuclei occurs at an early 
stage of myoblast fusion, as it was not possible to detect any myocytes containing 2 or 3 
nuclei in which only one or two of the nuclei contained GFP-lamin A. Myocyte morphology 
and intercellular organization are not affected by expression of the wild type construct, as the 
nuclei within the myotube are arranged in a normal, linear fashion (data not shown), and 
adjacent myotubes are organized in a parallel rows (data not shown). 

Expression of fusion proteins containing the Asnl 95Lys, Glu203Gly, and Arg89Leu 
mutations results in aberrant myocyte morphology, both in myotubes expressing these mutant 
proteins, and in adjacent myotubes that do not express the fusion proteins. Myotubes 
expressing these mutant proteins are thick, and characterized by angular and branched 
protrusions. Myotubes expressing the Asnl95Lys and Glu203Gly protein constructs often 
contain parallel rows of nuclei (data not shown). Similar aberrant morphologies can be 
observed in the adjacent myotubes, which do not express the mutant fusion proteins. The 
expression of these mutant proteins also affects intercellular organization as the myotubes 
are arranged at various angles of up to 90 degrees relative to adjacent myotubes, and 
frequently grow across each other. When myotubes expressing the Glu203Gly and Arg89Leu 
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mutations were allowed to differentiate for 8 days prior to processing, these effects on 
morphology and cellular organization were even more pronounced. 

Expression of the GFP fusion protein containing the Arg377His mutation had a 
different effect on myotube morphology. Myotubes expressing this construct have a very 
segmented appearance. Furthermore, while the nuclei are clearly defined by indirect IF with 
the anti-desmin antibody in myotubes expressing the wild type and other mutant proteins, the 
nuclei in myotubes expressing the Arg377His mutation are poorly defined, or not at all 
evident (data not shown). Again, these effects are seen not only in myotubes expressing the 
Arg377His mutation, but also in adjacent myotubes that do not express the mutant flision 
protein. The changes in appearance that are observed suggest that the nuclei in these 
myotubes are not membrane associated as in normal skeletal muscle, but internalized like a 
subset of the nuclei in skeletal muscle fibers from some patients with DCM. 

In order to assess the effects of mutant prelamin A expression on cardiac myoblast 
differentiation, H9C2 myoblasts derived from neonatal rat heart were transfected with the 
prelamin A GFP fusion protein constructs, and induced to differentiate in the presence of 
retinoic acid. Exposure to retinoic acid causes H9C2 cells to differentiate towards a cardiac 
phenotype, which is characterized by parallel rows of nuclei as opposed to the linear 
arrangement observed in skeletal myotubes. In contrast to the distribution of the GFP fusion 
proteins seen in skeletal myotubes, the fusion protein constructs are partially limited to 
nuclear domains in differentiating H9C2 myotubes (data not shown). The number of nuclei 
containing the GFP fusion proteins in these myocytes ranges from 1 to 4, with the greatest 
number of myotubes containing two nuclei labeled by GFP. As normal cardiac myocytes 
contain two nuclei, these results may indicate that only a subset of nuclei in the H9C2 
myotubes are active. 

Expression of the fusion proteins containing the Arg60Gly and Leu85 Arg mutations 
results in the formation of myotubes with mixed cardiac and skeletal morphologies (data not 
shown). These myotubes contain globular areas with nuclei in parallel rows, as well as 
projections that appear similar to skeletal myotubes containing linearly arranged nuclei. 
Expression of the protein constructs containing the Asnl95Lys and Arg89Leu mutations 
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results in the formation of aberrant, large randomly shaped myotubes (data not shown). In 
contrast, the Glu203Gly mutation appears to hinder myotube formation (data not shown). 
The nuclei in myotubes expressing the Glu203Gly fusion protein are typically farther 
removed from one another than in myotubes containing the wild type prelamin A fusion 
5 protein and other mutant constructs. In addition, the individual myoblast cell bodies are still 
evident and appear to be trapped in the early stages of intercellular fusion. 

While various embodiments of the present invention have been described in detail, 
it is apparent that modifications and adaptations of those embodiments will occur to those 
10 skilled in the art. It is to be expressly understood, however, that such modifications and 

adaptations are within the scope of the present invention, as set forth in the following Claims. 
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